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Our current understanding of the solar system is undergoing 
major transformation due to unraveling from NASA’s DAWN 
mission that is providing valuable information about the structure 
and composition of two large asteroids between Mars & Jupiter. 
Prof. S.V.S. Murty of PRL, Ahmedabad gives an enlightening 
article summarizing major findings from the Dawn’s observation 
of Vesta and re-evaluating its longstanding pre-cursor connec- 
tion with HED group of meteorites in view of these new results. 
Surfaces ofall the terrestrial planets including the Earth’s Moon have 
witnessed volcanic activities of various sorts during their evolution- 
ary history, resulting in the formation of secondary crust. An article 
from Dr. Mamta Chauhan and her colleagues from SAC, Ahmedabad 
focuses on the concepts involved in magma evolution and caldera 
formation and go on to describe the structure of Compton Belkovich 
Volcanic Complex (CBVC), a unique region on the far side of the 
Moon, drawing similarity with the terrestrial ash flow calderas. 


Exploring extraterrestrial life has been the driving force for several 
planetary missions. However, the foundation for planning and execu- 
tion of these challenging endeavors lies in our understanding of signs 
of life that are present in the diverse sets of environment of the Earth. 
Prof S. Baskar of IGNOU & Prof. R. Baskar of GJUST, Hisar illus- 
trates cave bio-signatures on the Earth predicting similar subsurface 
milieu on extraterrestrial bodies, such as Mars that can harbor life. 


It is interesting to note that there is a ubiquitous presence of dust in 
our solar system (of different origin of course!!), apart from the dust 
present in the earth atmosphere. Dr. Jayesh Pabari of PRL provides 
a detailed account on the above topic highlighting the types of 
dust, their significance, plausible origin and detection techniques. 


The regular news column presents exciting recent discoveries such 
as subsurface ice on Ceres, methane in Martian meteorites & possi- 
bilities of sea salt on Europa’s surface & active volcanism on Venus 
etc. The present day status of various planetary missions have been 
provided in the Mission Update column and a Mission Story on 
NASA’s planned InSight mission has been included that mainly aims 
to perform seismic exploration of the red planet Mars to reveal its 
interior. The Back page describes the make-up and achievements of 
Hubble Space Telescope, a powerful space telescope that has enabled 
us to gaze deeper inside the Universe and has aided in validation of 
our concepts regarding formation & evolution of our solar system. 


Before signing off, I would like to bid farewell to Ms. Santosh 
Choudhary, a valuable member of the team who contributed 
immensely to the PLANEX Newsletter. We wish her a great fu- 
ture ahead. Also, I would like to welcome Dr. S. Vijayan as an 
Associate Editor of the magazine. His presence in the team 
has always been an asset and this new responsibility assigned 
will contribute in further enrichment of PLANEX Newsletter. 


Happy reading © 


/ 


— 
\ 


Neeraj Srivastava 
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Ganesh, Sinha, PLANEX Newsletter Jan 2014, Presenta- 
tion - C/SidingSpring-Mars-Workshop, JPL 
http://mars.nasa.gov/files/mep/sidingspring/16_2014 _ 
JPL Mars Al Wksp YanamandraFisher_Final.pdf 


- Padma A. Yanamandra-Fisher 
Space Science Institute 
USA 


The PLANEX Newsletter is very useful and we 
would like to get the hard copy of every issue of it. Kindly 
arrange to send us your complimentary publication to our 
institution. We are very much obliged if you send us 


- Koushik Ghosh 
Central Library, Visva-Bharati University 
West Bengal 


I am currently working with the Department of Phys- 
ics of University of Technology and Management (UTM), 
Meghalaya which is a new upcoming University, started 
in 2012. In our recent visit at NESAC (ISRO), we were 
suggested to subscribe the PLANEX Newsletter. And it 
would be very useful if we receive its every issue 


- Kamal Kumar Tanti 

Department of Physics, University of Technological and 
Management 

Meghalaya 


Regarding the newsletter I have a small suggestion, its 
a layman’s request. Is it possible to include a quest/query/ 
question column in the newsletter? Although many google 
or other websites gives answer the authentic answers is a 
big question mark which could bereceived through this 


- R.S. Aarthy 
Anna University 
Chennai 


I am very much thankful to you for publishing 
our group article. Thank you team Planex for great ef- 


- Malhar Raghunath Kendurkar 
Cepheids Astronomy Group 


NEWS HIGHLIGHTS 


Ponds on asteroid (433) Eros 

The analysis of morphologic characteristics of any planetary 
object pave way to reveal important clues with respect to 
the origin of processes occurred on their surface and their 
subsequent evolution in space and time. While ubiquitous 
examples exist where understanding the details of terrestrial 
planets is accomplished by approaches that require in-depth 
morphological analysis, the most noteworthy situation is 
doing similar for an asteroid, where all the mechanisms 
requiring water, ice, wind, etc. interactions with surface 
could be different. One such examples is from an asteroid 
of Amor group, asteroid (433) Eros. Eros is typically an 
S-type near-Earth asteroid of dimensions 34.4x11.2x11.2 
kilometers, which makes it the second-largest near-Earth 
asteroid. It is also known to have come within the orbit of 
Mars. NASA’s NEAR-Shoemaker mission during its one 
year orbital exploration of Eros in 2000 has noted dense 
presence of “ponds” on its surface. These ponds normally 
appear to be flat-topped fine-grained deposits that embay 
and fill local topographic depressions. In order to place 
constraints on the formation of these ponds, a group of re- 
searchers has recently attempted to model the scenarios and 
explain the mechanisms in light of volatile interaction with 


Example of a typical pond at the bottom of a crater 
on Eros. http://www.skyandtelescope.com/ 


planetary surfaces. The hypothesis they postulate from their 
modeling and laboratory based studies is that fluidization 
associated with degassing should be the driving process in 
formation of ponds. Similar ponds have been reproduced 
in the laboratory on the surfaces of simulated regolith by 
passing volatiles through them. The morphological explana- 
tion incorporates water comparable to the amount of water 
observed in the little-metamorphosed ordinary chondrites 
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(a few wt %) following recent discovery of exogenic water 
on Vesta and the debate on presence of endogenic water in 
the inner asteroid belt. This water has served as the starting 
place for degassing because of solar heating on transfer 
from a main belt orbit to a near Earth orbit. The final situ- 
ation was the formation of ponds similar to a crater-like 
depression filled with layer of fine grains. In view of this, 
the significant question that arise is whether mystique 
exogenic water is present or not and in what amounts on 
this and other asteroids of solar system. 


Source: 


DAWN at Ceres 

Moving ahead from the first ever detection of water va- 
por on Ceres using the Herschel space observatory that 
suggested that the dwarf planet has an icy surface and an 
atmosphere, NASA’s DAWN spacecraft has speculated the 
possibility of subsurface ice as well. The bright spots that 
have puzzled scientists although remain a mystery even 
after images have been taken from closer orbits, and the 
possibility that it could be ice is not excluded until the last 


Recently spotted new bright feature on Ceres 
(shown by arrow). Image credit: NASA 


images of the spots have been taken. The questions that 
arise now are that whether it is the ice that could be water, 
and whether it is the water that could be life on Ceres. Well, 
these questions may be quite difficult for the scientists to 
answer at current stage, although they very well realize that 
the answers are not far enough to be captured by DAWN 
spacecraft. DAWN at Ceres is indeed giving all of us brand- 
new, better-than-ever views of a solar system object that 
was unexplored previously; now with the release of new 
images, some interesting crater morphology and various 


structures have also come in picture. Recently, another 
mysterious spot has been noted that could be yet again 
a possible evidence for ice, salts, or something more 
interesting. In this line of spotting interesting features 
over Ceres surface, sets of black dots have been noted in 
some of the images. Thanks to the science team that they 
have later clarified it as a schmutz in the DAWN camera. 
Currently, the science team has released a 3D view of 
rotating Ceres, global map of Ceres, taken the best ever 
resolution image of the bright spots, topographic map of 
Ceres, color map of Ceres, images of craters and other 
geological structures. What are now awaited are scientific 
deliberations of these images that may help us understand 
this dwarf planet in more detail. Keep tracking DAWN 
for the recent updates. 


Source: http://www.nasa.gov/mission_pages/dawn/ 
ceresvesta/index.html 


Methane detected in Martian Meteorites 

It was a sensation when methane was first discovered in 
the atmosphere of Mars nearly twelve years ago. Even- 
tually, detailed insight on this detection of atmospheric 
methane has clarified that it may not be present there in 
that larger concentrations, as mentioned by the research- 
ers in their discovery. Subsequently, it was hypothesized 
that only small amounts of methane are present in the 
atmosphere, coming from localized sources, and found 
that seasonal and annual variations in gas concentration 
are also present. The possibility that methane presence 
could be linked to ancient life on Mars was also poised 
when researchers have shown that methane escapes from 
a meteorite if it is irradiated with ultraviolet light. More 
recently, data from Curiosity rover has revealed that 
Martian environment lacks methane, and if at all it may 
be present, it should be no more than 1.3 parts per billion 
level. Despite the high sensitivity of onboard instruments 
and repeated measurements during spring to late sum- 
mer, rover has so far not detected methane. However, 
despite all the failures and success involved in detection 
of methane on Mars, a group of researchers have congre- 
gated their efforts to test for methane in the meteorites 
that have reached to Earth from Mars. The researchers 
examined by crushing six meteorite samples and analyz- 
ing them through mass spectrometer. All the six samples 
have shown presence of methane. The discovery sug- 
gests that methane might be used as a food resource by 
elementary forms of life under the Martian surface and 
recommends that rocks on Mars contain a large reser- 
voir of methane. Researchers have planned to analyze 
many more meteorite samples for additional evidence 
for methane gas. They also suggest that even if methane 
is not giving food to life forms, it may at least indicate 
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presence ofa warm, wet, and chemically reactive environ- 
ment where life could flourish. The details of the experi- 
ment can be retrieved from the source mentioned herein. 


Source: http://www.nature.com/ncomms/2015/150616/ 
ncomms8399/full/ncomms8399.html 


Impact glasses on Mars 

Two types of glass can occur on a planetary surface, vol- 
canic or impact generated. The hypervelocity impacts 
generated quenched glass can preserve biosignatures on 
the earth and indicate the fossilization potential of glass 
rich impactites on mars. However, remote sensing data 
from the orbiter have not identified any definitive spec- 
tral signature of impact glass on martian surface. Recent- 
ly, researchers have used data from the Compact Recon- 
naissance Imaging Spectrometer for Mars (CRISM) and 


CRISM map. 
glass: green, pyroxene: blue. http:/www.eurekalert.org/ 


presented compositional survey of probable impactites in 
well-preserved craters. CRISM is a visible-infrared spec- 
trometer aboard the Mars Reconnaissance Orbiter search- 
ing for mineralogic indications of past and present water, 
a substance considered important in the search for past or 
present extraterrestrial life. The radiative transfer model- 
ing and spectral mixture analysis have helped determine 
the mafic glasses mixed with crystalline phases. The ma- 
terial is likely to be formed from the impact melting of 
rock followed by rapid quenching. It is possible that if life 
were to be present on Mars during an impact event, then 
they might be preserved in the glass as well. The cold 
Amazonian climate of mars has preserved the metastable 
glass, which indicates signs of ancient life of the mars. 
Researchers have shown that there were large impact 
glass deposits in many ancient Martian craters. One of 
those craters is the one near the Nili Fossae trough, with 
a depression approximately 650 km wide. Prior to the de- 
tection of impact glass in the trough, Nili Fossae was of 
keen interest due to its crust that is thought to date back 
to the wetter period on Mars. The results of this recent re- 
search support the theory of formation of impact glass on 
mars and suggest that impact products are not destroyed 


by interaction with volatiles. The previous studies have 
considered clay-rich sedimentary deposits as possible 
host of biosignatures, while the recent work suggests 
an alternative target of preserved impact glass on mars. 


Source: _http://geology.gsapubs.org/content/ 
early/2015/06/04/G36953.1.abstract 
http://www.gmanetwork.com/news/story/504250/ 
scitech/science/impact-glass-on-mars-might-hold-key- 
to-discovering-alien-life 


Sea salt on Europa’s surface? 

The search for life on other planets has been substantially 
improving over years. Adding on to the list of evidence 
we currently have, NASA suggested through laboratory 
experiments that the dark material coating over some 
geological features of Jupiter’s moon Europa is likely 
to be sea salt from a subsurface ocean, discoloured by 
exposure to radiation. However, how does this relate 
to search of life is a major question? The presence of 
sea salt suggests that the ocean is interacting with its 
rocky seafloor, which is an important consideration in 
determining whether the icy moon could support life. 
The answer for the same could lead us towards the next 
question with higher order of difficulty, viz. about life in 
the ocean beneath Europa’s ice shell. The mystery of the 
dark material on the Europa’s surface could be unlocked 
in a much simpler way if it is considered to be from the 
salt below. For this, scientist from NASA JPL conducted 
laboratory experiments, simulating the actual tempera- 
ture, pressure and radiation conditions on Europa. Like 
the way they call, for getting “Europa in a can” samples 
of common salt, salt and water mixture etc. in a vacuum 
chamber, maintaining its cold surface temperature, are 
bombarded by an electron beam to simulate the intense 
radiation. Exposing to such conditions for hours lead to 
the centuries old Europa surface, the white salt turned to 
a yellowish brown color whose spe 


Shown above is the sample after tens of hours of 
exposure. Image credit: NASA/JPL-Caltech 
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found within the fractures on Europa surface (images 
from Galileo mission). This darkening increases with the 
time of exposure; hence, the ages of geologic features 
could be analyzed using such technique. Since ground 
based telescopes hitherto do not have the resolution to 
identify such geologic features, it is expected that Europa 
may reveal many more groundbreaking results from the 
spacecraft sent to it in future. 


Source: http://www. jpl.nasa.gov/news/news. 
php?feature=4586 


The bright mysterious lunar swirls 

Not only the formation of Moon, but also the formation 
of geological features on the Moon have been mysteri- 
ous. One such feature is the lunar swirls. Having been 
a matter of debate for years, there exist several models 
involving the magnetic anomaly, dust transport, and space 
weathering explaining this feature. Using state-of-the-art 
computer models researchers have recently simulated 


Reiner Gamma, which lies near the western shores of 
Oceanus Procellarum. http:/www.astrowatch.net/ 


that these swirls are due to several comet collisions over 
the last 100 million years. Swirls appear to be twisting, 
swirling streaks of bright soil stretched for thousands of 
miles across the lunar surface. Two sub satellites deployed 
by the Apollo 15 and 16 astronauts gave the idea that 
the magnetic force fields were sprouting out of the lunar 
surface, reaching up and affecting the satellites’ sensors 
that are few hundred nano Tesla at ground level. Rocks 
below the surface in those spots might contain remnant 
magnetism from early in the Moon’s history, when it had 
a liquid iron core and a global magnetic field. Moon dust 
could be darkened by the long exposure to solar wind, 
while the swirls stay bright because of the deflection of 


solar wind by the magnetic field in them. The root cause of 
this recent explanation started in 1980 (by P. H. Schultz) 
viz. the whole area around the lunar modules of Apollo 
program was smooth and bright because the gas from 
the engines scoured the surface, leading to the idea that 
comet impacts could cause the swirls. The coma of comet 
might have scoured the surface producing bright swirls. 
Schultz and his student Bruck-Syal have now updated it 
again with better computer simulations. This comet impact 
hypothesis could also explain the presence of magnetic 
anomalies near the swirls. The simulations showed that a 
comet impact would melt some of the tiny particles near 
the surface. When small, iron-rich particles are melted 
and then cooled, they record the presence of any magnetic 
field that may be present at the time. It would remain as a 
hypothesis unless resolved by new missions in future. 


Source:http://www.sciencedirect.com/science/article/pii/ 
$0019103515002079 


New Horizons explores the edge of our solar sys- 
tem 

New Horizons, launched on Jan. 18, 2006, has ventured 
deep into our solar system (~2.95 billion miles from Earth) 
and is capturing information related to Pluto and the mys- 
terious Kuiper belt to gather answers related to surface 
properties, geology, interior makeup and atmospheres on 
these bodies. Pluto, one of the dwarf planets of our solar 
system is emerging as a planetary object of immense inter- 
est as the New Horizons gets closer to it. With the capture 
of recent images, science team has been able to postulate 
that this dwarf planet has a polar cap whose extent varies 
with longitude. The ice extents of the poles are reserved 
for future investigation once the science team has access 
to the compositional spectroscopy data of the region. The 
newer images are showing that the broad surface mark- 
ings comprised of bright and dark surfaces on Pluto are 
each distinct, together hinting towards complex surface 
geology or spatial variations in surface composition. In 
addition, the spacecraft has detected all five of known 
moons of Pluto, but no rings, new moons, or hazards of 
any kind. It is expected that by the time New Horizons 


New Horizons sees more detail as it draws closer to 
Pluto. Image credit: NASA 
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orbit further for its closest approach (July 14), the images 
it is going to send will be of resolution 5,000 times better 
than the current imagery. Nevertheless, for now, keep track 
of the spacecraft and enjoy reading and learning from the 
information it is revealing day by day about the edge of 
our solar system. 


Source: http://www.nasa.gov/mission_pages/newhorizons/ 
main/index.html 


Venus: Active volcanism detected from tempera- 
ture variations? 
Among the inner solar system bodies, a thick atmospheric 
blanket covers Venus, which makes it difficult to see 
the surface in the optical wavelength. Though this is a 
hindrance, one of the recent researchers overcame this 
by monitoring the night time emission through a small 
atmospherically opaque window at 1.01 um to infer the 
surface activities. The results have indicated active volca- 
nism on the Venus surface. Imagery from Venus Monitor- 
ing Camera (VMC) onboard the European Space Agency 
Venus Express spacecraft were utilised for this study. 
Significant variations in brightness were observed during 
a series of successive observations. Brightness variations 
registered by the camera could be caused either by differ- 
ences in the atmospheric attenuation or even by changes 
in the flux from the surface. In addition, atmospheric 
scattering and atmospheric transparency could also cause 
thermal anomaly; however, such changes should change 
mean level of VMC images, which was not observed. To 
confirm the source and authenticity of thermal anomaly, 
temporal images along with relative measurements hay- 
ing similar exposure time (30s) and camera temperature 
consistency were utilized. On positioning the atmospheric 
thermal bright spot to the surface, it was found that it is 
located on the stratigraphically recent tectonic rift zone, 
Ganiki Chasma. This has led the team to conclude that 
the eruption could be effusive rather than explosive; this 
is mainly because high atmospheric pressure and explo- 
sive eruptions are not associated with the rift system. 
2 jun 22 2008 


A Jun 24 2008 2 Oct 13 2006 


Temporal brightness variation over 
Venusian surface. http://www.dailymail.co.uk/ 


Source: http://onlinelibrary.wiley.com/ 
doi/10.1002/2015GL064088/pdf 


Clues from meteorites about moon-forming 
impact 

If Moon formed by collision between Mars-sized body 
and early proto Earth, then this event could be one of the 
biggest collisions in the solar system. Is Moon ejecta of 
Earth? Is there any possibility that any larger fragments 
escaped during this collision instead of accreting to form 
the Moon? The answer to the first query is simply yes. 
The answer to second query is quite complex. A recent 
work has attempted to crack this to reveal what could 
have happened to the materials that are ejected. The Gi- 
ant Impact (GI) simulation suggested that several larger 
ejecta fragments plausibly escaped Earth’s gravitational 
sphere of influence and struck the main belt asteroids with 
velocity > 10 km/s. The velocity is crucial here because, 
the main belt intra asteroid collision velocity is ~5 km/s, 
this difference has a significant influence in the shock 
heating events in some meteorites. From such shock heat- 
ing events timing and relative magnitude of bombardment 
can be deduced. Such higher velocity impact on asteroida 
belts can be achieved by projectiles in high eccentric- 
ity or by inclined orbits. The shock degassing age of 
“Ar-*°Ar at former velocity is three magnitudes higher 
than the later one and meteorites can record these shock 
events. Simulations were carried out for the *°Ar-*°Ar 
reset ages by GI ejecta and compared with the *°Ar-*°Ar 
shock degassing ages from 34 chondritic samples. Over- 
all conclusion from the simulated study is that the team 
was able to re-justify that the Moon could have formed 
~4.47 Ga ago. Although, there is an appealing possibility 
that the remnants of proto-Earth may be orbiting within 
the solar system or in the asteroid belt, whose possible 
detection may help to understand the evolution of Earth. 


http://www.sciencemag.org/ 
content/348/6232/321.full 


Source: 


MESSENGER studies Mercury’s ancient mag- 
netic field 

Mercury is the only inner solar system planet known to 
possess a global magnetic field other than the Earth. The 
magnetic field on Mercury has been found to be dipolar, 
weak (surface field strength ~1% that of Earth’s), axially 
symmetric, and equatorially asymmetric. These basic 
features have remained the same for the past four decades 
(since the start of remote observation of Mercury), but 
whether a magnetic field was ever present for longer 
timescales was yet to be known. Magnetic fields of such 
solar system bodies preserve their magnetic and formation 
history. Igneous rocks that cool in the presence of ambient 
magnetic field can acquire a permanent magnetization, 
the degree of which is dependent upon the mineralogy of 
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the rock and also by the strength and geometry of the mag- 
netizing field. Rocks magnetized like this can be altered 
by processes like tectonic activity, asteroidal impact, etc. 
Variations in the strength or direction of magnetization, or 
in the depth of the magnetized layer, give rise to magnetic 
anomalies that could be detected on or above the surface. 
MErcury Surface, Space ENvironment, GEochemistry, and 
Ranging (MESSENGER) spacecraft flew over Mercury 
for the first time in 2008 and has orbited the planet since 
2011, providing high-resolution images of the surface. The 
spacecraft flew incredibly close to the surface of the planet 
(heights as low as ~15 km, which were earlier between 
~200 to ~500 km) towards the end of the mission. As the 
sensor glided over Mercury, an onboard magnetometer 
collected data that unveiled the fact that Mercury could be 
possessing a magnetic field that could be termed ancient 
since the approximate age that was determined for the 
magnetic field was at least ~3.7 to ~3.9 billion years . It 
is also important to note that Mercury formed around the 
same time as Earth (~ 4.5 billion years back). The magnetic 
strength that was estimated to be of the order of a few tens 
of nano Tesla or, 10° Tesla (nT). Scientists working with 
the MESSENGER data explain that a core dynamo was 
present very early in Mercury’s history. This model also 
gives impetus to the fact that Mercury could have possessed 
an early core that was thermochemically driven, which also 
holds true for the dynamo theory. However, the existence 
of a core dynamo has created a new challenge to such pre- 
existing models. It has been postulated that an early core 
dynamo could be driven by superadiabatic cooling of the 
liquid core, but in the usual thermal history models, this 


View of Mercury representing some of the sites of an- 
cient magnetic field. Image credit: NASA/JHU-APL/ 
Carnegie Institution of Washington. 


phase ends by ~3.9 billion years back. A later dynamo 
however could be initiated by the dual effects of cooling 
and compositional convection associated with formation 
of a solid inner core, which in most thermal history models 
does not begin before ~3.7 billion years. Further research 
on Mercury’s magnetic field could solve this discrepancy 
and improve the existing models to generate better re- 
sults and help understand our neighbour in more detail. 


Source: http://www.sciencemag.org/ 
content/348/6237/892.abstract 


Mercury’s dark complexion explained 

Mercury is the closest and smallest planet in our Solar 
System, whose shape and appearance are very similar to 
Moon. However, the surface of Mercury is much darker 
than the Moon. The dark Mercurian surface has amazed 
and mystified scientists and astronomers ever since it was 
discovered. Airless bodies like Mercury become dark by 
countless meteorite impacts and due to a steady stream of 
solar wind particles, which are processes that create a thin 
coating of dark iron particles on the surface. However, 
spectral data acquired from the MESSENGER spacecraft 
showed a distinctive absence of the 1-tm absorption band. 
The 1-um band indicates the presence of ferrous iron con- 
tent in silicates and this band occupies the near-infrared 
part of the electromagnetic spectrum used in remote sens- 
ing studies. This low ferrous iron content makes it difficult 
to explain Mercury’s low reflectance since FeO is an im- 
portant darkening agent in crustal materials. The research- 
ers proposed that Carbon, delivered on to the surface of 
Mercury by comets and meteoritic impacts, is capable of 
darkening the Mercurian surface while also evading de- 
tection by most remote sensing techniques. Earlier studies 
on Carbon as a darkening agent ruled out the influence of 
the element since it was known to have sequestered early 
into Mercury’s core and its tendency to be sublimated dur- 
ing volcanism on the planet. The post-accretion, external 
delivery of Carbon, however, overcomes these issues. 
Mercury is impacted by a larger number of comets than 
the Moon. Comets known for rich sources of Carbon (~18 
wt%) and the delivery rates of carbon to Mercury has been 
estimated to be ~9.6x10° g cm* Myr'. Micrometeorites 
another possible source of external delivery of carbon at 
Mercury. Using modeling and simulation, it was estimated 
how frequently cometary material would impact Mercury, 
how much carbon would remain on the surface, and how 
much would be expelled back to space. Models suggest 
that ~3 to 6 % of C is expected to be on the surface of Mer- 
cury. Scientists also tested how much darkening could be 
assumed from the impacting processes. For this purpose, 
hypervelocity impact tests were performed and impact ve- 
locities of up to 5 kms"! were observed. The results showed 
that the presence of C reduced reflectance values to <5% 
(similar to the darkest terrain of Mercury), and shielded all 
1-um ferrous iron band signatures. Besides, spectroscopic 
analysis of impact samples revealed no discernible spectral 
fingerprints, which was again similar to the flat spectral 
signatures previously obtained for Mercury. All these evi- 
dences point to the fact that carbon is a very stealthy dark- 
ening agent and from the perspective of spectroscopy, it’s 
been compared to ‘invisible paint’, which has been steadi- 
ly building up on Mercury’s surface for billions of years. 
Source:http://www.nature.com/ngeo/journal/v8/n5/full/ 
ngeo2397.html#affil-auth 


Volume -5, Issue-3, July 2015 


» A permanent but lopsided dust cloud engulfs Moon 
Link: http://www.nature.com/nature/journal/v522/n7556/ 
full/nature 14479. html 


» New olivine-rich locations detected on Vesta 
Link: http://www.sciencedirect.com/science/article/pii/ 
$0019103515002559 


» Source regions of Martian Meteorites identified b 
OMEGA/MEx 

Link: http://www.sciencedirect.com/science/article/pii/ 

$0019103515002298 


» Shock-Thermal History of Kavarpura IVA Iron 
Link: http://www.sciencedirect.com/science/article/pii/ 
$00320633 15001610 


» Noble gases, nitrogen and cosmic ray exposure histo 
of lunar meteorite Yamato-983885 

Link: http://www.sciencedirect.com/science/article/pii/ 

$00320633 15001476 


» Prediction of aurorae occurrence on Mars 
Link: http://www.sciencedirect.com/science/article/pii/ 
$00320633 15001300 


» MAVEN observes layers of energetic particles 
Link: http://www.sciencedaily.com/ 
releases/2015/06/150622182036.htm 


» Water ice detected on surface of Comet 67P/Churyu 
mov-Gerasimenko 

Link: http://www.esa.int/Our_Activities/Space_Science/ 

Rosetta/Exposed_water_ice detected_on comet_s_ surf 

ace 


» NASA’s Spitzer Space Telescope detects yellow balls i 
space 

Link: http://science.nasa.gov/science-news/science-at- 

nasa/2015/09apr_yellowballs/ 


» Chang’e-3 measurement constrains the water content i 
the sunlit Lunar exosphere 

Link: http://www.sciencedirect.com/science/article/pii/ 

S00320633 15000410 


» Philae has revived to do comet science 
Link: http://www.nature.com/news/revived-philae- 
poised-to-do-comet-science-1.17767 


» Massive cyclones on Saturn 
Link: http://www.nature.com/ngeo/journal/vaop/ncurrent/ 
full/ngeo2459.html 


Vesta-HED Connection: 
A post Dawn View 


It has been well established that Meteorites are broken 
fragments of asteroids (formed through impacts) that fall 
on Earth, when their orbits cross its gravity field. Con- 
necting meteorites to their parent asteroids is the major 
goal of planetary scientists and hence of recent explora- 
tion activities. Moon and Mars have been identified as 
the parent bodies of small groups of basaltic achondrites. 
Of particular interest is to ascertain the earlier attributed 
link between the largest differentiated asteroid Vesta and 
the largest group of basaltic achondrites, HEDs (acrynom 
for Howardite, Eucrite and Diogenite meteorites), which 
is one of the principal objectives of the Dawn mission. In 
this article, we explain why HEDs are attributed to a single 
parent body and how this parent body has been identified as 
4 Vesta (henceforth will be referred to as simply Vesta). The 
major findings of Dawn mission to Vesta will be discussed 
and then the Vesta-HED connection will be examined in 
light of these new findings. 


HED Meteorites: These are the largest class of basaltic 
achondrites, numbering ~1200 in terrestrial collections. 
Eucrites are basalts or gabbros; and diogenites are orthopy- 
roxenites and harzburgites, while howardites are breccias 
composed of eucrite and diogenite roughly in 2:1 propor- 
tion. Eucrites are believed to have crystallized as lavas on 
the asteroid’s surface or within relatively shallow-level 
dikes and igneous bodies. Most eucrites are brecciated, 
and are dominated by pyroxenes and plagioclase, with 
lesser amounts of metal, troilite, chromite, ilmenite and 
silica. Diogenites are coarse-grained cumulates that are 
traditionally believed to have originated from an igneous 
body deep in the crust. Most diogenites are nearly mono 
mineralic, being composed almost entirely of orthopy- 
roxene. Chromite and olivine generally occur in minor 
amounts (<10%). Out of ~368 diogenites in collection, 
only 11 show = 40% olivine, making this mantle mineral 
conspicuously least abundant in HEDs. Impact mixing of 
eucritic and diogenitic lithologies has produced a range of 
polymict breccias, including the polymict eucrites and the 
howardites. Some of the howardites host solar-type noble 
gases that are concentrated on the surfaces of mineral grains, 
attesting to their implantation when the grains resided in 


Volume -5, Issue-3, July 2015 
the upper ~ | m of the regolith. The gas-rich howardites 
are also enriched in fragments of meteoritic impactors and 
of impact melts. Some of these impact clasts are similar 
to the hydrated, phylosilicate-bearing CM2 chondrites. Ni 
contents in polymict eucrites and howardites further sup- 
port the presence of up to ~4% chondritic debris in them. 
Some HED meteorites which fell in India are depicted 
in Fig. 1. The petrologic and geochemical properties of 
the meteorites themselves argue for a large parent body. 
Depleted Na content and a unique Fe/Mn ratio serve as 
fingerprints for a differentiated solar system object, while 
lower siderophile element contents suggest a metallic core 
for this parent body. Identical oxygen isotopic composition 
of HEDs further strengthens their single parentage, as well 
as its homogenisation by a global magma ocean, though 
global magma ocean model has been recently contested, 
to prefer multiple, shallow magma chambers. Their “Cr 
anomaly places the location of their parent body after Mars 
(most likely Vesta) (see Fig. 2). The short lived radioactive 
isotope *°Al has provided the heat pulse needed for early 
melting and differentiation within 5 Ma of solar system 
formation (Srinivasan et al., 1999); this duration has been 
further constrained to ~ 2 Ma by the *Mn-*Cr isochron, 
while the core formation has been pegged at ~ 3 Ma by the 
“Hf-'8W isotope system. Imprints of thermal metamor- 
phism have also been found in most HEDs. Thermal history 
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Figure 2: Lugmair and Shukolyukov (1998) noted that 
measured €°Cr values for the Earth, Moon, Mars (SNC 
meteorites), and Vesta (HEDs) showed a linear increase 
with heliocentric distance. If this parameter is a true mea- 
sure of body location, it provides further evidence linking 
the HEDs to Vesta. 
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of HED parent body as recorded by Ar-Ar ages suggests 
initial cooling to Ar retention temperatures at 4.48 Ga, in 
addition to identifying major impact events between 4.1 to 
3.5 Ga, probably corresponding to late heavy bombardment, 
as observed on Moon. Cosmic ray exposure ages of HEDs, 
which date the travel time of a meteorite from ejection from 
parent body by an impact till it falls on Earth, show two 
major (22, 36 Ma) and one minor (12 Ma) clusters, sug- 
gesting that these three recent impacts can explain most of 
the HEDs in our collections. These ejections could have 
occurred from Vestoids or directly from Vesta, as the 10-40 
Ma cosmic-ray ages are consistent with orbital evolution 
from Vesta by the Yarkovsky effect. 


Vesta-HED Connection: Asteroid Vesta was discovered by 
H.M. Wilhelm Olbers On March 29, 1807 and it was the 4" 
asteroid to be discovered and second largest in mass. A near 
perfect match between the reflectance spectrum of Vesta, 
obtained by ground telescope, with the laboratory spectrum 
of the eucrite Nuevo Laredo (from HED family) (McCord 
et al. 1970) has led to the suggestion that Vesta is the par- 
ent body of HEDs (Fig. 3). But the lack of a mechanism 
to deliver ejecta from Vesta (at 2.36 AU) to Earth posed 
a hurdle. The finding of a family of asteroids (named as 
Vestoids) with similar reflectance spectra as Vesta at 2.5 AU 
(3:1 resonance) which delivers ejecta to Earth has eased this 
problem, while Vestoids themselves have been suggested 
to be ejected from Vesta in a major impact event. Vesta has 
been described as the smallest terrestrial planet —the only 
known intact asteroid inferred to have a metallic core, an 
ultramafic mantle, and a basaltic crust. Absence of olivine 
in a majority of diogenites has led to the suggestion that 
crust of Vesta is thick and hence impacts could not expose 
the mantle as ejecta. 
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Figure 3: Laboratory measurements of the spectral re- 
flectivity of the Nuevo Laredo meteorite shown with the 
telescope data points from Vesta. (Solidline) Nuevo Lare- 
do basaltic achondrite; (open and solid circles) Vesta. 
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Though Vesta is the only intact differentiated asteroid with 
a basaltic crust, thus qualifying to be the parent of HEDs, 
there should have been a lot more basaltic crusted asteroids 
in the early solar system, as parent asteroids of magmatic 
iron meteorites. Magmatic iron meteorites have to come 
from the metallic cores of differentiated asteroids. To expose 
these metallic cores, these bodies have to be disrupted by 
collisions and hence the basaltic silicate parts either exist 
as broken asteroids or have been accreted to the terrestrial 
planets or the Sun. A minority view, due mainly to Wasson 
(2013) has argued, based on the 26 types of different mag- 
matic iron meteorites in our collection, that there should 
have been at least those many asteroids (presently disrupted 
to expose the iron cores and hence facilitate ejection of iron 
meteorites and hence not intact) whose disrupted crusts 
could as well be the parents of HEDs. The match of oxygen 
isotopic composition of HEDs with that of the magmatic 
IAB irons (chromite inclusions), particularly makes this 
an equally possible parent. 


Objectives of Dawn mission: Dawn, a mission by NASA 
was launched on Sep. 2007, to explore the asteroids Vesta 
(a ~530 km diameter differentiated asteroid) and Ceres (a 
~950 km diameter undifferentiated asteroid). The chief 
objectives of the Dawn mission are 1) to determine shape, 
size, mass, composition, thermal history and size of the core 
of Vesta; 2) to understand the role of water in controlling 
asteroid evolution (pertains to Ceres and will not be further 
discussed in this article); 3) to test Vesta - HED meteorite 
connection. The payloads on Vesta to address these objec- 
tives are Framing Camera (FC); Visible and IR (VIR) Map- 
ping Spectrometer and Gamma ray and Neutron Detector 
(GRaND), to map the surface morphology, mineralogy 
and chemical composition respectively. By comparing the 
results from Dawn instruments, with the laboratory data 
of HEDs, it is hoped to ascertain Vesta as the parent body 
of HEDs. 


Results from Dawn on Vesta: Dawn has orbited Vesta for 
about 14 months and has provided some spectacular results 
on the geology, chemistry, mineralogy and internal structure 
of this differentiated and intact asteroid. Some physical 
characteristics obtained from Dawn are given in Table 1, 
and the composite image of Vesta, as obtained from fram- 
ing camera images is given in Fig. 4. Dawn has provided 
three major results: (1) Two large and overlapping craters, 
named Rheasilvia (~500 km in diameter, ~1 Ga in age) and 
Venenia (~400 km, ~2 Ga age) of younger age, with a central 
peak of ~19 km (Fig. 5) have been revealed. The amount 
of material ejected from Rheasilvia is much more than the 
total mass of Vestoids and hence consistent with Vestoids 
ejection during this impact event. (2) It is expected that 
mantle minerals (olivine) dominate as ejecta from this giant 
impact, in and around Rheasilvia, as well as on the central 
peak, but olivine was particularly absent in these expected 
regions. The scant exposures of olivine detected on 


Table 1: Physical parameters of Vesta as obtained by 
Dawn 


530 km 


0.4322 
5.342 hours 
3.63 Years 


Figure 4: Overview mosaic of Vesta, made of Framing 
Camera images. The central mound of the Rheasilvia 
impact basin can be seen in the bottom right of the 
image. Image credit: NASA/JPL-Caltech/UCLA/MPS/ 
DLR/IDA. 
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Veneneia Basin 
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Figure 5: Two large craters, Rheasilvia (~1 Ga) 
Veneneia (~2 Ga), overlapping, with a central peak of 
height 19 km, is a major finding of DAWN mission. 
Image courtesy of NASA/JPL-Caltech/UCLA/MPS/ 
DLR/IDA, www.space.com 
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Vesta by VIR spectrometer are all far away from Rheasilvia. 
Additionally, the olivine spectra from Vesta do not match 
with the laboratory spectra of olivines from HEDs, but 
rather match those of chondritic impactors and hence are 
considered exogenous. 3) A large size of the dense metal- 
rich core is revealed by Dawn. 


The topographic map of Vesta (Fig. 6) does not reveal 
any volcanic features. This would be expected if all such 
features are of very early origin (within ~100 Ma of for- 
mation of Vesta) and expected to be totally obliterated by 
subsequent impact events. This attests to the early thermal 
evolution of Vesta as also inferred from the chronology of 
HEDs. The near overlap of mineralogical lithology of Vesta 
(constructed as a plot of band centers of the absorption fea- 
tures around | and 2 um, obtained by VIR) with those of 
HEDs affirms their parentage. Also, the global map of Fe/ 
Si versus Fe/O as obtained by GRaND only matches with 
those of HEDs, but not with those of chondrites and other 
achondrite groups, further affirming the surface chemistry 
of Vesta to those of HEDs. 


The results from Dawn mission have provided strict con- 
straints on Vesta’s overall density and the size of Vesta’s 
core. The best fit ellipsoid of 286.3 by 278.6 by 223.2 km 
with an uncertainty of +0.1 km, derived from Dawn data, 
coupled with a mass of 2.59076 x 10*°kg, yields a density 
of 3456 kg/m*. This relatively high density of Vesta sug- 
gests that it contains considerably less macro porosity, than 
smaller asteroids, many of which are fragments formed 
by catastrophic fragmentations, and implies the presence 
of a core for this intact object. With these size and mass 
constraints and taking the precursors of Veata as 75% Na 
depleted H chondrite and 25% CM chondrite that satisfy 
both the chemistry as well as the oxygen isotopic composi- 
tion, yield a core with a mass fraction of ~18% and radius 
of 114 km. The bulk density and core size put a strict limit 
on the density of the silicate portion of Vesta, to be near or 
just under 3000 kg/m*. The lack of surface olivine also im- 
plies that any olivine within Vesta lies at a depth of at least 
85 km, below the surface of Vesta. This is also consistent 
with a thick aluminum- rich howarditic crust. The surface 
composition of Vesta is remarkably uniform, being basaltic 
and pyroxene rich. Some (darker) hydrated material has 
been added through infall of exogenous meteorites, which 
were mixed into endogenic Vestan material by repeated 
impacts. Giant, basin-forming impacts in the south polar 
region have redistributed material globally, and beyond, 
and exposed material that should have been well below the 
crust of this differentiated body. 


Our pre-DAWN view was that Vesta was a differentiated 
asteroid and the parent of the HED meteorites, represent- 
ing the upper and lower layers of a relatively thin basaltic 
crust and diogenitic upper mantle and a large lower mantle 
dominated by olivine. The absence of large quantities of 
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Figure 6: Global shape model of the surface of Vesta relative to a 285 x 285 x 229 km ellipsoid, produced by 


Gaskell. Source: www.space.com 

olivine in the HEDs was consistent with the global survival 
of the vestan basaltic crust as indicated by spectral data 
from Dawn. The existence of the Vestoids fitted nicely in 
this picture, as it supported the idea that the giant impact 
basin Rheasilvia excavated mainly the basaltic surface of 
Vesta, and also provided a dynamical path for bringing 
the HEDs from Vesta to the Earth. The observations and 
finding of the Dawn mission confirmed the identification 
of the HEDs with the material composing the surface of 
Vesta. However, the Dawn mission revealed three facts as 
detailed in the section ‘results from Dawn’, that contradict 
some of these inferences. 


Small planet VESTA 


While the puzzle of the large impact basins and the lack of 
olivine have been noted before, reconciling with the twin 
demands of a thick crust and a large core on the necessary 
density structure of Vesta have not been fully assessed. Fig. 
7 represents the schematic view of the interior of Vesta, 
along with the dimensions of different layers as inferred 
from the results of Dawn. The mass and size of the core 
inferred by Dawn puts severe limits on the density and 
FeO content of the remaining rocky material making up 
Vesta’s crust and mantle regions. All these new findings 
are seriously at odds with our pre-Dawn understanding of 
Vesta. There is too little olivine on Vesta’s surface to be 


CRUST 
Plutonic rocks and basalt 
with diogenitic intrusions 


MANTLE 
Olivine-rich rocks 


METALLIC CORE 
Iron and nickel 


Figure 7: A schematic view of the interior of Vesta (Source- http//www. 
astronomy.com/news/2014/07) 
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consistent with the thin crust suggested by geochemical 
models based on the HEDs and the surface morphology and 
interior structure of the asteroid constrained by Dawn. At 
the same time, the existence of a thick crust and large core 
does not leave enough volume within Vesta to accommodate 
all of the olivine needed to explain the enrichment patterns 
of the HEDs based on our cosmochemical understanding 
of meteorites. 


The mismatch between our pre- and post-Dawn understand- 
ing of Vesta might mean that either a) that Vesta formed 
from a non-chondritic source material or b) that the Vesta 
we See today is not the same as the Vesta where the HED 
meteorites formed; it must have been significantly altered 
in its global composition and interior structure. A future 
mission to Vesta with better capabilities of olivine detection 
and probably a sample return will certainly clear some of 
these ambiguities. A more refined laboratory study of HEDs 
should also be attempted to clarify on some chemical and 
isotopic data. 
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Silicic Caldera: A Phenomenon of rare explosive 


volcanism on the Moon 
Planetary Volcanism: 


Volcanism is a significant phenomenon that has been op- 
erational on several terrestrial planetary bodies and their 
satellites and is manifestation of a planet’s internal dynam- 
ics (Wilson, 2009; Prockter et al., 2010). The complex in- 
teractions between the rising magma and the host rocks in 
the terrestrial crust are directly manifested by these volca- 
noes. The location and distribution of the various volcanic 
landforms provide significant information on mechanisms 
of heat transfer from the lithosphere, its chemical and ther- 
mal evolution, and links between volcanism, tectonism, 
and the state of stress in the lithosphere (Head and Wilson, 
1986). On the other hand their characteristic morphology 
gives insight into style of eruption, chemistry and volatile 
content of the eruption products (Head and Wilson, 1986). 


Lunar Volcanism: 


Due to lack of plate tectonics on the Moon, the lunar surface 
has changed a little and preserved the evidence of its early 
volcanic history. In the Moon’s geological history, after im- 
pact cratering, volcanism is the most dominant process that 
has modified its crust. Lunar volcanism is mainly dominat- 
ed by basaltic lava flows occurring as dark, flat mare-units 
mostly confined to its near side (Head, 1975; Head and 
Wilson, 1992). Nearly all the lunar basalts are represented 
by vast lava flows that make up flat mare plains, with only 
a small fraction of the mare regions covered by positive 
topographic surface features, such as domes, cones, and 
shields of basaltic composition (Head and Gifford, 1980). 


Rock samples belonging to highly evolved composition 
have been recorded on the Moon during the returned Apol- 
lo missions as clasts of granite, monzonite, felsites (e.g., 
Rutherford and Hess, 1975, 1978; Jolliff et al., 1999). But 
until early eighties no observations were made of silicic 
lavas on the Moon. Advances in remote sensing have en- 
abled identification of silicic volcanic constructs on the 
Moon mostly in the form of a few non-mare domal fea- 
tures like Gruithuisen domes, Hansteen Alpha, Mairan 
T and Lassell Massif. They are termed as red spots and 
are characterized by steep slopes, high-albedo and strong 
absorption in the ultraviolet relative to the visible region 
of the electromagnetic spectrum (e.g. Malin, 1974; Wood 
and Head, 1975; Head and McCord, 1978; Chevrel et al., 
1999; Hawke et al., 2003). Morphologically, these red 
spots show a much wider range commonly appearing as 
domes, smooth plains units, and rugged highland patches. 
They are surface manifestations of more viscous and high- 
ly evolved rocks such as terrestrial rhyolites and dacites 
(Bruno et al., 1991; Wilson and Head, 2003; Hawke et al., 
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2003; Glotch et al., 2010) and therefore represent evolved 
extrusive volcanic deposits. These are characterized by 
low FeO and TiO, and high concentrations of thorium be- 
ing mostly confined to nearside of the Moon within the 
Procellarum KREEP Terrane (PKT) (Glotch et al., 2010). 


Magma evolution and caldera formation: 


Magma refers to masses of molten rocks and their dis- 
solved fluid that are derived from the crust and upper man- 
tle. These high temperature complex solutions are mostly 
comprised of silica, metallic oxides and variable amount 
of fluid substances. As silicon and oxygen are the most 
abundant element in the crust and mantle of the terrestrial 
planets, the principle oxide constituent SiO, is the basis for 
defining the broadest chemical classifications of magmatic 
rocks. It also determines the mantle’s viscosity, density 
and its melting behavior, which in turn determines the type 
and volume of magma that erupt on to the surface. Magma 
with SiO, content ~38-53% are basaltic that changes to an- 
desitic or intermediate composition with increase in silica 
and those with silica > 65 percent are considered to be sili- 
cic. During fractionation the increased silica concentration 
with decrease in melting temperature is accompanied by 
increase in melt viscosity due to the polymerization effect 
(Best, 2003). So, in less silicic or more mafic melts the de- 
gree of polymerization is less thus making these melts to be 
less viscous than highly silicic melts. The overall composi- 
tional diversity and the systematic compositional variation 
of magma therefore, reflect its primitive or evolved nature. 


The volatile constituents (H,O, CO,, S, Cl) of magma also 
play an important role in the generation, evolution, and 
eruption of magma. Volatiles, particularly H,O controls 
the melting behavior and crystallization temperatures of 
magma as well as the density and viscosity of the melts 
(e.g., Stopler, 1982). It is present as both molecular water 
as well as hydroxyl form being structurally bound with Si 
of silica tetrahedron in silicate melts (e.g., Stopler, 1982). 
In highly silicate melts it reacts with Si-O-Si bonding in 
silicate liquids and results in its depolymerisation thereby, 
reducing the melt viscosity (Hochella and Brown, 1984). 
Therefore, the high-silica melts at high strain rates due to 
high contents of suspended crystals or gas bubbles display 
non-Newtonian behavior while most magma at liquidus 
or higher temperatures and at low strain rates behave like 
Newtonian liquids as suggested by experimental stud- 
ies (e.g., Shaw et at., 1968, Dingwell and Webb, 1989). 


The viscosity of magma and its volatile content therefore 
determines the style of volcanic eruption and the mor- 
phology of resulting deposits. So, the basaltic magma be- 
ing fluid are commonly extruded in quiet eruptions and 
produce succession of thin flows, small cinder cones and 
large and small shield volcanoes. In contrast, silicic mag- 
ma due to its higher viscosity and lower mass diffusivity 
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as well as relatively high pre-eruptive volatile contents 
produces a rich array of eruptive styles and rock types. 
It ranges from violent eruptions of fragmented magma in 
the form of coarse and fine pyroclasts to quiet effusion 
of dense lava in the form of domes (Eichelberger, 1995). 


Calderas are large-scale collapse features generally formed 
late in a volcanic eruptive episode. These negative relief 
structures form when the denser solid strata above a shal- 
low magma chamber subsides into the draining chamber. 
Their formation is associated with both decompression 
and overpressure in the magma chamber (e.g., Druitt and 
Sparks, 1984; Marti etal., 2000, Gudmundsson etal., 1997). 
Calderas and caldera complexes have been recognized 
in all volcanic environments in the Solar system and its 
planetary definition describe it as a multi-kilometer wide, 
quasi-circular non-impact depression formed in volcanic 
terrain by the collapse of the volcanic edifice into a partial- 
ly drained magma chamber (Lipman, 2000). Patera found 
on Mars, Venus, and Io that is characterized by irregular 
volcanic crater-like structure with scalloped edges appears 
similar to the caldera (Sanchez and Shcherbakov 2012). 


Calderas are surface manifestation of subsurface magma 
chamber and changing state of subsurface magma move- 
ment. Occurrence of collapse requires very specific stress 
and thermodynamic conditions and as such, caldera- 
forming eruptions are a rare phenomenon (e.g., Druitt 
and Sparks, 1984, Gudmundsson et al., 1997, Marti et al., 
2000). They are formed only when enough eruption has 
occurred in events and resulted in constructing a large vol- 
canic edifice. It will never form if the rate of magmatic re- 
plenishment to the chamber and rate of eruption are same. 
They thus, provide evidence of different conditions of 
crustal density and structure, variation in rates of volume 
of magma emplacement, and changing conditions associ- 
ated with magmatic evolution (Head and Aubele, 1994). 


Depending upon the composition of erupting magma at 
a caldera forming volcano, calderas can be basaltic or si- 
licic and characterized by their effusive or explosive na- 
ture respectively. The effusive eruptions associated with 
basaltic calderas build the shield, erupt quietly from cen- 
tral vents or fissures and depletion of the magma reser- 
voir causes collapse. Effusion is also associated with the 
silicic volcanoes, but does not usually lead to caldera 
formation. Small domes and lava flows often precede 
and follow the main caldera-forming event at rhyolitic 
calderas. They are associated with the large volume py- 
roclastic deposits and are usually huge collapse depres- 
sions. So, while basaltic calderas are characterized by 
moderate effusive activity silicic calderas are charac- 
terized by explosive eruptions triggering catastrophic 
events and associated ash-flow eruptions (Lipman, 1997). 
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Figurel: (a) Location of CBVC in form of Thorium anomaly in northeast of Humboldtianum basin shown 
in deconvolved LP-GRS Th concentration map overlain over LROC-WAC (400m/px) base map (After 
Lawrence et al., 2007 and Jolliff et al., 2011) (b) 3-D surface view of CBVC derived from LROC-NAC image 
of the area draped over the LOLA Digital Elevation Model (DEM) with a vertical exaggeration of six showing 
the three prominent domes, the central caldera and slightly elevated plateau in the south. LROC-NAC 
image subsets (c) of peculiar depositional features of fine ash over the East dome (d) an effusive dome (the 
Bison dome) effected by late-course as well as fine-pyroclastic eruptions (e) a small effusive dome at the 
southern edge of the West caldera upper boundary along a ring fault. Source: Chauhan et al., (2015), Icarus 


Compton Belkovich Volcanic Complex (CBVC): Analo- 
gous to a terrestrial Ash Flow Caldera on the Moon 


Compton-Belkovich Volcanic Complex (CBVC) (98.5°- 
101.0° E longitude and 60.7° -61.6° N latitude) (Fig. 1a and 
b) is one such rare manifestation of evolved silicic mag- 
matism on the far side of the Moon. Its uniqueness lies in 
its being located in the highland or non-mare region of the 
Moon on the lunar far side, isolated from the Procellarum 
KREEP Terrane (PKT) where the other red spots are locat- 
ed. It is situated between Belkovich and Compton craters 
to its northwest and southeast, respectively, and covers 
an area of ~25x30 kms. It has an elevated topography of 
~500-600 m above the local elevation and about 3 km be- 
low the global mean surface elevation (Jolliff et al., 2011). 


Earlier study of this area using Lunar Prospector Gam- 
ma ray spectrometer (LP-GRS) characterizes it with 
a high localized thorium concentration (40-55 ppm) 
(Lawrence et al. 2003). Spectral signatures from the 
LRO Diviner Lunar Radiometer of the CBVC indicate 
its highly polymerized mineralogy (Greenhagen, et al. 
2010, Glotch, et al. 2010). Jolliff et al., 2011, 2012, de- 


scribes this area as a manifestation of compositionally 
evolved volcanism and Bhattacharya et al., 2013 a and 
Petro et al., 2013 reported endogenic water of magmatic 
origin from CBVC with recorded band strength of ~10- 
17% relative to its surrounding for these enhanced hy- 
droxyl absorption features (Bhattacharya et al., 2013b). 
Recent high-resolution observation of its varied morpho- 
logical (e.g., Fig. 1(c-e)) and structural features is indica- 
tive of a series of deformation, eruptive and effusive events 
associated with its highly silicic lithology (Chauhan et al., 
2015). It is a localized extrusive silicic volcanic area on 
the Moon that expresses complex episodes of volcanism 
through time. The area is filled by constructional extrusive 
volcanism and marked by the presence of three prominent 
Pre-caldera domes, in north, west and east side encircling 
a central caldera (Fig. 2). Post-caldera volcanic activity 
have also been observed at CBVC within the caldera and 
its boundary in form of fresh looking domes, flows, small 
effusive bulges and coarse and fine pyroclast eruptions. 
The presence of various observed domes, flows, volcanic 
features, with associated caldera suggests that the area has 
evolved through a series of eruptive and effusive events. 
Pyroclastic eruptions in form of coarse boulders and fine 
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Height (m) 


Figure 2: Colour coded LOLA DEM showing topographical variations at CBVC along with the 
central caldera. Source: Modified after Chauhan et al., (2015), Icarus 


ash at CBVC are observed and related with the possible 
phenomenon of caldera collapse and different phases of 
eruptions and effusions. Radar observations of pyroclastic 
material along with high-resolution optical observations 
support and indicate that the CBVC is basically a localized 
ash flow caldera characterized by combination of dome 
complexes, caldera bounding faults and ash flows (Chau- 
han et al., 2015). The morphology, structure and highly 
siliceous nature of the CBVC are all consistent with the 
observed enhanced hydration feature in this region relative 
to its surroundings. CBVC, amongst all the highly evolved 
domes on the Moon, is the only silicic volcanic complex 
with a well developed central collapsed caldera structure 
analogues to terrestrial calderas. Presence of such features 
on the Moon indicates that though such features are rare 
but not totally absent on the Moon (Chauhan et al., 2015). 
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Cave Biosignatures on Earth: Implications for 
Extraterrestrial life 


The key to understand past microbial life would be possible, 
if microbes left behind evidences of their activity, directly 
or indirectly. Microbes are known to often leave various 
evidences of their presence/activity and terrestrial cave 
ecosystems are reported to preserve biosignatures. Mar- 
tian caves have renewed scientific excitement in the field 
of speleology as they are considered potential sites for fu- 
ture human habitation and astrobiology research. Basaltic 
volcanism is generally considered analogous between the 
Earth and Mars (e.g., Glaze et al., 2005) and volcanic caves 
are common on Mars. Occurring frequently in terrestrial 
basaltic volcanism, lava tubes are expected to be common 
in Mars’s volcanic regions as well (e.g., Horz, 1985; Kes- 
zthelyi, 1995; Sakimoto et al., 1997). Cave entrances into 
Martian near-surface lava tubes, volcano-tectonic fracture 
systems, and pit craters are similar to terrestrial features 
such as tube-fed lava flows, volcano-tectonic fractures, 
and pit craters, that can produce caves (Cushing, 2012). 


Because of the harsh Martian environment like dust storms, 
extreme temperature variations, high UV and cosmic rays 
(e.g., Mazur et al., 1978; De Angeles et al., 2002; Boston 
et al., 2004; Cushing et al., 2007), the organic materials 
cannot withstand such extreme environmental conditions. 
It is therefore assumed that Martian caves may be among 
the few human-accessible locations that preserve evidence 
of whether microbial life ever existed. To understand Mar- 
tian sub-surface ecosystem, it is necessary to understand 
the Earth’s subsurface ecosystem. The terrestrial caves 
due to unique biogeochemical conditions provide one 
of the best possible sites to look for the existence of life 
and their characteristic biosignatures. The term “Biosig- 
natures” can include any one or combination of the fol- 
lowing: microfossils, fossilized filaments, microfabrics, 
microbial mats/ biofilms, genetic data, biomineral forma- 
tion, stable isotopic values consistent with microbial me- 
tabolism and unusual concentrations of certain elements. 


Interestingly, carbonate minerals have now been identified 
in a wide range of localities on Mars as well as in several 
martian meteorites. The martian meteorites contain carbon- 
ates in low abundances (<1 vol %) and with a wide range 
of chemistries (Niles et al., 2012). The carbonate caves in 
earth are the dominant category. Speleothems are mineral 
deposits formed in caves, typically in karstified host rocks 
(Gunn, 2004). Caves are subsurface, nutrient-deficient 
ecosystems and usually dark due to lack of penetration of 
sunlight in deeper parts. Caves are reported to host diverse 
microbial communities. During the early Earth conditions, 
microbial life survived in an environment with limited ni- 
trogen availability. Majority of the early earth microbes 
used minerals as their source of energy as the process of 
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photosynthesis had not started. When compared to the sur- 
face environments, caves ecosystems are protected sub- 
surface environments that are less vulnerable to weather- 
ing, UV radiation, temperature fluctuations and grazing by 
higher organisms. Thus, cave environments are ideal can- 
didates to explore ancient evolutionary relationships, sub- 
terranean systems, microbial metabolic pathways and to 
understand biosignatures (Groth et al., 1999, 2001; Laiz et 
al., 1999, 2003; Schabereiter-Gurtner et al., 2002; Barton et 
al., 2004; Chelius and Moore, 2004). Caves being windows 
to the subsurface, allows direct access to the subsurface 
environment for study and experimentation. In caves it is 
easy to make observations, select specific areas to perform 
on-site experiments, repeat experiments without cumber- 
some, time consuming and costly processes like drilling. 


Past three decades of research in cave geomicrobiology 
has led us to understand that microbial metabolic activi- 
ties in caves often lead to in vivo lithification and in situ 
preservation. The elements present in the cave depos- 
its get transformed during the various metabolic process 
of diverse microbial communities. Microbes do this for 
their own survival and benefit as they gain energy through 
various redox reactions (e.g., Ehrlich, 1996; Banfield 
and Nealson, 1997; Boston, 1999a). The application of 


Ce a: 


. ~~ ~hS 4 
Fa — , a 
= of a ed s 
EA wl BOR 


Volume -5, Issue-3, July 2015 
a biosignature for astrobiological purposes depends on 
the degree of preservation and post-fossilization altera- 
tion processes. In cave geomicrobiological studies, re- 
searchers have reported and identified various structures 
and mineral types that appear to be biological in origin 
or as an indirect result of biological activity (Northup et 
al., 1997, 2000; Boston et al., 1995, 1999b, 2000, 2001; 
Melim et al., 2001; Spilde et al., 2001; Baskar et al., 
2014). One of the important biosignatures identified in 
the Indian caves is moonmilk (Baskar et al., 2011; 2014). 


Moonmilk 


Moonmilk reported from some cave environments, has 
attracted the scientific attention of geomicrobiologists. 
Moonmilk is a type of speleotherm, typically reported 
from the ceilings, floors, and walls of carbonate caves 
(Fischer, 1988; Hill and Forti, 1997). Carbonate dominates 
the known moonmilk composition (about 95%), while 5% 
of the moonmilk deposits are represented by sulphates, 
phosphates, and silicates precipitated in unspecific cave 
environments (Chirienco, 2004). Moonmilk mineralogi- 
cally consists of micrometer to nanometer-sized crystal 
aggregates of calcite, hydromagnesite, aragonite, gypsum, 
and also minerals such as silicate, phosphate, and sulfate. 
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Figure 1: Moonmilk from Krem Mawmluh, Meghalaya and Sahastradhara cave, Dehradun 

(a) Moonmilk seen as floor deposit in Krem Mawmluh, Meghalaya 

(b) SEM of Krem Mawmluh moonmilk showing abundant needle-fibre calcites and microfibers 

(c) Moonmilk sampled from cave wall at Sahastradhara cave, Dehradun 

(d, e) SEM of Sahastradhara moonmilk showing enormous number of microbial structures similar to Spirulina, 


Cyanobacteria and bacterial filaments 


(f) ESEM without coating (wet mode) of Sahastradhara moonmilk showing fibre calcites. 
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Physically, hydrated moonmilk is pasty, cottage cheese 
like with 40-96% water content, some traces of organic 
matter and other insoluble clay minerals. It is dominantly 
white in colour and sometimes appears black or in oth- 
er hues. The morphological appearance of moonmilk is 
diverse as some deposits appear like a cauliflower with 
serrate flower like edges; some are botryoidal, round and 
smooth, while some others are reported to be knobby (Fig. 
la, c). Microscopically, moonmilk has needle-shaped or 
fibrous crystal morphology (e.g., Gradzifiski et al., 1997; 
Cafiaveras et al., 2006; Bindschedler et al., 2010). Asso- 
ciation of carbonate minerals with microbial filaments is 
also reported from Krem Mawmluh moonmilk deposits 
in Meghalaya, India (Baskar et al., 2011). In this deposit, 
scanning electron microscopy photomicrographs showed 
abundant fibre crystals (Fig. 1b) and the total viable cul- 
turable microbes showed high population densities. Scan- 
ning electron microscopy of the deposits at Sahastradhara 
showed that they were colonized by a microbial commu- 
nity similar to Cyanobacteria and Spirulina (Fig. 1d, e; 
Baskar et al., 2014). The furry moonmilk has also been 
observed in Sahastradhara caves, Dehradun, India. En- 
vironmental scanning electron microscopy showed that 
the crystals were found developing in a closed microbial 
network (Fig. 1f; Baskar et al., 2014). Further, these au- 
thors conducted culture experiments, which demonstrated 
that many of the bacterial strains isolated from moon- 
milk were able to induce calcite precipitation in vitro. 


Inaddition to moonmilk, Bostonetal.,(2001) has identified/ 
recommended three more potential biosignature in caves 
suitable for astrobiological applications. These include: 
snottites, pool fingers and filamentous manganese snow. 


il. Snottites: Snottites are similar to small stalac- 
tites that hang from the walls and ceilings of caves and 
have the consistency of mucus. In Cueva de Villa Luz, 
Tabasco, Mexico, selenite and gypsum crystals in snot- 
tites are precipitated in situ by novel Thiobacillus rela- 
tives (Boston et al., 2001). The chemically active cave 
system produces hydrogen sulfide and the cave en- 
largement occurs due to sulfuric acid driven speleo- 
genesis (Hose and Pisarowitz, 1997; Hose et al., 2000). 


Dn Pool Fingers: These are finger shaped depos- 
its found in caves (e.g., the Hidden Cave, New Mexi- 
co). They are lithified, stratified, elongate pool struc- 
tures with micritic fabrics, entombed microfossils, 
and biogenic isotopic signatures (Melim et al., 2001). 


3. Filamentous Manganese “Snow”: This de- 
posit consists of manganese, iron oxides, oxyhydrox- 
ides and associated microbial communities. Filamen- 
tous and fabric-like manganese “snow” deposits were 
reported from the ceiling of Lechuguilla Cave, New 
Mexico (Spilde et al., 2001). These deposits are a type 
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of low-density mineral assemblage known as “corro- 
sion residue” and may be related to microbial activity 
or abiotic processes (Spirakis and Cunningham, 1991). 


Significance: 


While selecting biosignatures, it is important to rule out 
materials that appear biogenic in nature whose genesis is 
purely physical/ or chemical (Little et al., 1991; Kirkland 
et al., 1999; Cisar et al., 2000). Further, sample preparation 
techniques are important as it can result in loss of micro- 
bial biomass, dehydration and/ or removal of extracellular 
polymeric substances and mineral alteration e.g. techniques 
involved in transmission electron microscopy, scanning 
electron microscopy and other imaging techniques (Little et 
al., 1991). Biosignatures for astrobiological studies should 
be detectable at both macroscopic and microscopic scales 
(Boston et al., 2001). If we encounter life in Mars, it is pre- 
dicted that it would be microbial life hidden below the sur- 
face. Understanding and cataloging of cave biosignatures 
has great astrobiological applications as the subsurface of 
other planets and rocky bodies will be a geobiological tar- 
get of future research and missions in the search for life 
beyond Earth (Boston et al., 1992; Boston et al., 2000a, b). 
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Dust in Solar System 
Introduction 


Over the last couple of decades, there have been remark- 
able changes in the field of dust science due to in-situ 
space experiments on Galileo and Ulysses, remote sensing 
and observations of a spectacular dusty comet, Hale-Bopp. 
Ulysses! aimed to characterize the heliosphere as a func- 
tion of solar latitude. The heliosphere is the vast region 
of interplanetary space occupied by the Sun’s atmosphere 
and dominated by the outflow of the solar wind. The first 
satellite to orbit the Jupiter was Galileo’, which made two 
passages in the gossamer rings, which are shown in Fig. 1. 
There was an impact-ionization detector to detect the dust 
impacts, which recorded events for both the passages and 
it was the first to show in-situ dust measurements from the 
dusty ring’. The Comet Hale-Bopp has been the bright- 
est and most observed comet for the past century and it 
could even be seen with unaided eyes for many months. 


Main King 


Amalthea 


Figure 1: Jupiter’s ring system?. 


The Cassini and Stardust missions have provided informa- 
tion regarding the dust from Saturn and the comet, respec- 
tively. Cassini-Huygens was sent to the Saturn as unmanned 
mission, which had a Cosmic Dust Analyzer (CDA)’‘ to di- 
rectly measure the speed, direction as well as the size of 
small dust particles near the Saturn. It is known that some 
of the dust particles near the Saturn rotate around the plan- 
et while the others may come from different star systems. 
The CDA has been designed to obtain more information 
about the unexplained dust particles which are actually the 
materials in celestial bodies. It is also likely that the study 
of dust particles by CDA may provide information about 
origins of the universe*. Stardust® was launched by NASA 
in 1999 as a robotic mission with major scientific objective 
to collect the dust samples from the coma of comet Wild 2 
along with cosmic dust and return the samples to Earth for 
further laboratory analysis. Stardust® studied the asteroid 
5535 Annefrank en route the comet during a flyby and it 
was the first mission of its kind that successfully complet- 
ed the operation in 2006. Comets are space bodies made 
up of dust as well as frozen ice and they could be formed 
at distances very far from the orbits of planets in our solar 
system. The comets may include the matter from which 
the solar system was formed and such materials might 
have been preserved in ice for billions of years®. More- 
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over, the samples from Apollo lunar missions have been 
studied in laboratory by many researchers over the globe. 


The data which could be gathered from the Earth orbit- 
ing satellites like GORID experiment in geostationary 
orbit and also from ground based observations of Leonid 
meteor streams have extended our knowledge about the 
dust surrounding our globe. A Russian Geosynchronous 
Equatorial Orbit (GEO), Express-2 telecommunications 
satellite was launched in 1996, which had a Cosmic Dust/ 
Space Debris detector’, more popularly known as GOR- 
ID (Geostationary Orbit Impact Detector) experiment, to 
observe submicron to millimetre size particles in GEO. 
Linked with the comet Tempel-Tuttle, a prolific meteor 
shower is called the Leonids. It is known that the Earth 
passes through the meteoroid streams which are left from 
the comet. The comet ejects solid particles as the fro- 
zen gases are evaporated due to solar heat when nearer 
the Sun. The path of the Earth is encountered by the fast 
moving Leonids stream with impact velocity® of about 72 
km/s. The Leonids having about 10 mm size and mass of 
about half a gram are known to generate bright meteors’. 
The Leonids shower deposit very large amount of mate- 
rials over the entire Earth annually. Our understanding 
about the near Earth asteroids has been drastically im- 
proved by the study inspired by the awareness of danger 
to Earth from them. Another potential dust source is found 
within the Kuiper belt. Finally, extrasolar planets have 
been discovered and it is realized that one can study inter- 
planetary dust particles in other planetary systems as well. 


The successful space missions and remote observations 
have also motivated new laboratory studies as well as 
theoretical modelling and empirical derivations of relat- 
ed governing equations. The research covers models of 
dusty plasma and field interactions for charged particles 
to interpret the satellite data, the optical and momentum 
sensing techniques for cometary dust particles and many 
more. Laboratory studies include chemical and physi- 
cal alteration of the particles as well as experiments for 
studying coagulation and growth of complex grain struc- 
tures in microgravity in the International Space Station. 


Thus, researchers work on various aspects in the area of 
dust science like near Earth and interplanetary dust col- 
lection and measurements, origin and dynamics of the 
dust particles found in solar system as well as laboratory 
simulation and various instruments for measurement of 
the dust particle. Some of the scientific questions need 
to be addressed in a few research areas are identifica- 
tion of the origin, abundance, distribution and dynami- 
cal evolution of dust particles found in the interplanetary 
region, study of charged dust levitation expected to oc- 
cur on asteroids or moons through the space missions as 
well as laboratory simulation of icy dust particles like 
those found in comets to possibly understand its origin. 
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Cometary Dust 
Cometary dust belongs to the category of cosmic dust, orig- 
inated from a comet and it can provide evidence to under- 
stand the origin of the comet. Investigation of solar system 
beyond the planetary orbits may be carried out through the 
study of a comet and its dust. One of the possibilities for 
collection of cometary dust is by the use of research planes 
in the stratosphere, which have silicon oil coated plates for 
trapping the dust particles like flies in flypaper. However, 
there remains contamination by organic compounds used 
to clean them along with the oil and it becomes difficult 
for scientist to study what organic matter they might hold. 
This method of cometary dust collection acquires a few 
particles despite flying the plane several hours. Another 
way of searching the cometary dust is on the Earth’s sur- 
face in Antarctica. Scientists can work out which compo- 
nents of dust are portion of their natural chemical makeup 
and which components are due to contamination based on 
comparison of the dust particles collected from the strato- 
sphere with those found in Antarctica. Hale-Bopp'® has 
provided a wealth of new data for determining the physi- 
cal properties of cometary dust however the origin of the 
crystalline cometary silicates remains puzzling. Condensa- 
tion in inner solar nebula requires extensive mixing while 
circum-stellar origin needs understanding about absence 
of their spectral features in inter stellar dust!®. Hanner'? 
has reported higher albedo, higher IR temperature, strong 
polarization and IR silicate features for the comet dust. 


Dust in Space and Surrounding Planetary System 

It is well known that a star and its planets form from a col- 
lapsing cloud of dust and gas within a larger cloud called 
a nebula. The center of the cloud is compressed and be- 
comes hotter as compared to the surroundings due to the 
gravity, pulling the material in collapsing cloud closer to- 
gether. The hot and dense core forms the kernel of a new 
star. Because of extreme compression, the cloud begins to 
rotate and eventually flattens into a disk, which turns out 
to be thinner due to its spin and known as protoplanetary 
disk. Such protoplanetary disk is the birthplace of planets. 


Using the Atacama Large Millimeter/submillimeter Ar- 
ray (ALMA), Marel et al.'! have imaged a region around a 
young star very far beyond the orbit of the planet Neptune, 
where dust particles can grow by clumping together. Fig. 2 
shows how small dust particles stick together to form larger 
clumps, which grow to become planets. Such a “dust trap” 
has been clearly observed first time and Marel et al.'! have 
also modelled it. Figure 2 also depicts an annotated image’ 
from the ALMA, showing the dust trap in the disc that sur- 
rounds the system Oph-IRS 48, whose distance’? is about 
400 light-years from the Earth. A safe haven is provided by 
such dust traps for small dust particles in the discs where 
they grow to larger sizes'*. A long-standing mystery on 
how dust particles in discs grow and could in time become 
planets and comets has been solved by the observation'' °. 
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Figure 2: Illustrative viewofhowsmalldustparticlessticktogethertoform Figure 3: Main asteroid belt (white dots) in 
larger clumps, which growto become planets lateron (left)andannotated solar system". 

image from the Atacama Large Millimeter/submillimeter Array (ALMA) 

showing the dust trap in the disc that surrounds the system Oph-IRS 48 

(Modified after ALMA (ESO/NAOJ/NRAO), Nienke van der Marel'’). 


Dust is distributed almost everywhere in the solar system. 
Fig. 3 depicts the main asteroid belt and it is likely that some 
of the dust in solar system may be coming from the belt. 
Dust is also found around a planet in the solar system like 
in the rings of Saturn. Saturn’s rings are the most extensive 
planetary ring system of any planet in the solar system and 
they are composed of innumerable particles of various siz- 
es rotating around the Saturn. The particles are made up of 
dust, rocks and water ice ranging from specks to enormous 
pieces, orbiting the Saturn ina circular fashion as a ring. Fig. 
4a shows the rings, as imaged by the Cassini spacecraft. 


A huge and diffused ring of dust has been observed near 
the Venus orbit'’. The ring'® is about 220 million kilome- 
ters from end to end and it is hardly ten percent denser 
as compared to background cloud that spread through in- 
terplanetary space and creates zodiacal light. The zodia 
cal light is a faint glow of light in roughly 
triangular shape and extends away from the Sun. The zo- 
diacal light has a similar spectrum as that of the Sun and it 
is simply the sunlight reflected by dust particles in a plan- 
etary plane. Since, the ecliptic is virtually perpendicular 
to the horizon at sunrise in September and October, the 
zodiacal light extends almost vertically from the horizon 
and therefore, one has better opportunity to observe it 


shortly before sunrise as compared to when it lies along 
the line of horizon and is lost in the atmospheric haze and 
dust!®. Fig. 4b depicts one such zodiacal light, where trian- 
gular shape can clearly be identified. It has been shown!” 
through supercomputer simulations of dusty disks around 
sun like stars, that planets as small as the Mars can create 
patterns, observable by future telescopes and it points a 
new avenue in the search for habitable planets. The dust 
computer models!’ consider the response of dust to the 
gravity as well as other forces along with the light of a star. 


Near Surface Dust for Planetary Moons 

1. Dust Activity near Surface 

A dust devil is a regular, powerful and prolonged whirl- 
wind and can range from about a meter wide and a few 
meters high to a few tens of meters wide and a few thou- 
sand meters high. Although the primary motion of the dust 
devils is upward, there can be a secondary motion in lateral 
direction. When near-surface hot air rises through a small 
pocket of cool air above it, a dust devil may come into ex- 
istence. During the favorable conditions, the air can start 
rotating and hot air column is stretched. This phenomenon 
moves the mass nearer to its rotation axis, which inten- 
sifies the spinning effect by the conservation of angular 
momentum. Finally a self-sustained dust devil is formed, 


Figure 4: (a) Full set of rings, imaged" as Saturn eclipsed the Sun from the vantage of the Cassini spacecraft, 
1,200,000 km distant, on July 19, 2013 and (b) zodiacal light"’. 
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which loses its buoyancy and ceases to rise due to cooling 
of hot air at higher heights. The system remains stable’ 
by the cool air, returning as a balance against the hot air. 


Radio noise and electrical fields”! greater than 10 kV per 
meter may be generated even by small dust devils. Small 
dirt and dust particles may be raised by a dust devil. Dur- 
ing rotation of particles, they bump and scrape into each 
other and turn out to be electrically charged. A fluctuating 
magnetic field” between 3-30 times per second may be 
produced by the whirling charged particles. The generated 
electrical fields help raising the materials off the ground and 
bring to the atmosphere of a planet. It has been found that 
dust devils also occur on Mars. Viking orbiters in 1970’s 
photographed first the Martian dust devils. As compared to 
terrestrial dust devils, the dust devils on Mars may be fifty 
times wider and ten times higher and large devils may pose 
a threat to terrestrial technology sent to the planet Mars”. 


2. Dust Levitation near Surface 

Another type of dust component arising is the near surface 
charged dust for the planetary moons. It is known that the 
surface of a planetary moon is exposed to the solar wind 
and solar UV radiation, causing photoemission process to 
occur on the surficial material. It causes a positive sur- 
face charge during the daytime of the moon. The surface 
is negatively charged due to space plasma currents on 
the nightside of the moon. The surficial fine dust grains 
have very low dielectric losses and electrical conductivity, 
which can permit retention of electrostatic surface charge 
for comparatively longer time. The electric field arising 
from the static surface charge causes the fine grain dust 
particles to be levitated against the gravity. The dust levi- 
tation is more popular in case of the moon of the earth. 
However, a similar levitation process occurs on the aster- 
oids and moons of other planets like Phobos and Deimos 
for the Mars. For the Earth’s moon, the dust particles are 
levitated due to repulsive force caused by positive charge 
on the lunar surface during the day and may settle down 
towards the terminator. In the dead zone” near the termi- 


Figure 5: A dust devil on Mars, photographed by Mars Global 


Figure 6: micrometeorite collected from antarctic 
snow*’, 

nator, there is no surface charge and dust particles are not 
levitated. On the night side, the particles are levitated due 
to the negative charge on the lunar surface. The levitated 
dust particles may undergo preferential deposition onto ar- 
eas of the lunar surface or equipment, with different elec- 
trical properties. This can lead to a net transport” as well 
as contamination of sensitive equipment for future mis- 
sions. The dust levitation modelling”? may help study the 
scenario on the moon. 


Micrometeorites Coming to Earth 

It is known that micrometeorites are small micromete- 
oroids which could survive during their high velocity 
entry through the Earth’s atmosphere and range from a 
few micron to a few millimeter in size. Unlike meteor- 
ites, the micrometeorites are found smaller in size, more 
in number, different in their composition and belong to 
the set of cosmic dust including the interplanetary dust 
particles (IDPs)’’. Love and Brownlee** have reported 
the mass of individual micrometeorites between 10° and 
10% g, which collectively contribute major component of 
extraterrestrial materials that reached the present Earth. 
They** have found the meteoroid mass distribution peak 
near 1.5 x 10° grams (200 um in diameter) with small par- 
ticle mass accretion rate of (40 + 20) x10° kg per year. 
Many a times, the micrometeoroids and meteoroids are 
visible as shooting stars or meteors in the sky, irrespec- 
tive of their survival within the Earth’s atmosphere and 
found on the surface. Rochette et al.” have reported the 
occurrence of extraterrestrial dust collection over the 
last 1 Ma through flux estimates, bedrock exposure ages 
and the presence of 0.8 Ma old microtektites for investi- 
gation of two find sites in the Transantarctic Mountains. 


Laboratory Studies on Dust 

Observations and in-situ measurements represent the tools 
for deriving properties of materials from interstellar medi- 
um to the solar system. Laboratory studies help us under- 
stand how materials form in different space environments 
and also to test how they evolve due to their interaction with 
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gas, thermal, ions, UV etc. There are two main families of 
solids present in space, viz. carbon and silicon based ma- 
terials and the laboratory studies are focused on carbons as 
well as crystalline and amorphous silicates*'. Moreover, the 
effort to understand the nature of cosmic dust, like circum- 
stellar, interstellar, and interplanetary dust, relies on the 
comparison of optical measurements such as scattering, ex- 
tinction and emission with models ultimately derived from 
some sort of laboratory data’. Many researchers analyze 
presolar grains in the laboratory based on isotopic ratios 
to study the processes occurring inside the star and in the 
interstellar medium, since the presolar grains can possess 
the original atoms from the parent stars. Presolar grains 
may be found in the interplanetary dust particles. Some of 
the presolar grains**** are diamond, silicon carbide, graph- 
ite, silicon nitride, aluminum oxide, spinel, titanium oxide 
and silicate minerals. Presolar grains may be analyzed in 
the laboratory using techniques*? like secondary ion mass 
spectrometry, ion imaging, laser noble gas mass spec- 
trometry, scanning electron microscopy and transmission 
electron microscopy. Based on the analysis of presolar 
grains found in dust particles, one may get some informa- 
tion** *4 about nucleosynthesis, stellar evolution, galactic 
chemical evolution and conditions in early solar system. 


Detection of Dust and Its Implications 

1, Dust Surrounding a Planet 

The dust surrounding a planet like the Mars or Saturn may 
be accomplished using an orbiter based instrument. The 
hyper velocity dust particles intercept the dust detection 
surface and generate a plasma cloud of target material and 
evaporating grain. The electrons and ions from the plasma 
are separated by electron and ion channels, respectively. 
One of the interests of the scientific community for the 
dust measurement is identification of source of the dust 
where from it comes, i.e., particles coming from planetary 
surface, interplanetary dust particles and interstellar dust 
particles. The source of dust can be found based on the ve- 
locity of incoming particles, which may be derived based 
on the measurement of charge. The charge Q released upon 
impact onto the target is roughly described by the relation 


Qamv>? (1) 
where m is mass of the particle and v is the impact speed. 
The other interest is number density of dust particles sur- 
rounding a planet. The dust number density n is propor- 
tional to the impact rate AN/At recorded by the dust instru- 
ment, and the relation between both quantities is given by” 


n= AN/At * (Iv A. (y))) (2) 


where Ay) is the sensor area as a _ func- 
tion of the angle w with respect to the space- 
craft spin axis, and v_ is the grain impact speed. 
The results obtained from the dust experiment on an or- 
biter could allow us to enhance the understanding about 
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the planetary system. It will quantify the dust production 
functions in the system. The seasonal variations of dust, 
if any, could also be understood in the circum-planetary 
region. The presence of dust would add associated electric 
field in the system, since the particles could be charged 
due to UV rays. The atmospheric dust could affect atmo- 
spheric chemistry due to the associated electric fields. The 
presence of dust surrounding a planet can block the ra- 
diations from both sides (from the surface and from the 
outer space) of the fine dust particles in the planetary 
system. The IDPs in a planetary space could have car- 
ried the noble gases trapped within them and open fur- 
ther possibility of detection as well as analysis by further 
missions. The problem of dynamical evolution of IDPs 
aims at finding number density of particles as a function 
of space and time. Thus, detection of IDPs by an orbiter 
based instrument can help understand the dynamical evo- 
lution of IDPs in the interplanetary space. The finding of 
circum-planetary dust can open a place to study the com- 
position of surface materials through further missions. 
Also, the circum-planetary dust particles probe the mag- 
netospheric plasma and affect the nature of plasma fields. 


2. Near Surface Dust 

The detection of charged levitated dust in the lunar envi- 
ronment may be carried out using an Inter Digitated Trans- 
ducer (IDT) sensor*®. The fabrication technology used for 
realization of the IDT is thin film processing and pattern- 
ing using lift-off technology. Whenever a charged dust 
particle falls on the detection surface, it generates a short 
pulse which is processed and counted by the instrument to 
derive the flux rate of charged particles at a landing site. 


The detection and movement of the charged dust in lu- 
nar environment needs attention for future exploration 
activities on the moon using either unmanned missions 
or manned missions. The movement of the charged dust 
in lunar environment is expected to be periodic over the 
day and night. Over full lunar day and night, the charged 
dust particles would be levitated initially, come down dur- 
ing the decreasing phase of positive surface potential and 
again be levitated during the lunar night. The particles 
which are able to cross the plasma sheath would follow 
parabolic trajectories beyond the sheath boundary and 
come back at the sheath to experience the existing elec- 
tric field again. These phenomena cause the oscillations 
of charged dust particles beyond the sheath region as long 
as the surface electric field remains unaltered. In this sce- 
nario, it is expected that during the lunar day, the particles 
should mostly remain outside the plasma sheath region as 
the surface potential is quasi-static in nature. Hence, a lu- 
nar dust detector possibly on a future lunar lander (which 
is expected to remain mostly within the plasma sheath) 
may not encounter more number of particles for detec- 
tion**. Towards the terminator, the charged dust particles 
are expected to be mostly near the surface as the surface 
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potential would be decreasing from positive value. The 
lunar dust detector is now expected to receive more flux 
rate of charged particles. This is repeated on the night 
side beyond the lunar terminator but in reverse manner. 
During the lunar night, the charged dust particles initially 
would remain near the surface giving larger flux rate at 
the detector output and then would mostly remain be- 
yond the plasma sheath. Thus, the sensitive instruments 
on future lunar lander missions are likely to be affected 
more during some time before and after the terminator*®. 
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Exploring and understanding the formation and evolution- 
ary history of terrestrial/rocky planets is a fundamental 
theme in planetary science. Despite numerous efforts, 
this is still not completely accomplished. The basic reason 
being lack of in-depth investigation of interiors of the 
terrestrial planets, except the Earth. To address this issue, 
a geophysical lander equipped with sophisticated instru- 
ments is planned to peep the surface and deep interior of 
the planet Mars. The mission termed as ‘InSight (Interior 
Exploration using Seismic Investigations, Geodesy and 
Heat Transport)’ is expected to provide an insight on 
various aspects of how a rocky body forms and evolves 
into a planet. Therefore, the main objectives of InSight 
mission are (a) to understand the formation and evolu- 
tion of terrestrial planets by investigating the internal 
structure and processes of Mars and (b) to find out the 
level of tectonic activity and the meteorite impact rate on 
Mars at present. 


Mission Profile: 

InSight mission, a part of NASA’s Discovery Program, is 
based on the heritage of 2008 Phoenix Mars Lander and 
is expected to land near Martian equator as it is powered 
by a photovoltaic system. The expected lifetime of the 
mission is | Martian year. Insight Lander weighing about 
350 kg and measuring about 5.5m with solar panels (1.5m 
science deck) will be launched onboard Atlas V401 ve- 
hicle from Vandberg Air Force Base, California, between 
the launch period of Mar. 4-30, 2016. The landing site 
for Insight will be at one of the shortlisted landing sites 
in ‘Elysium Planitia’ which is centred at 4°E latitude and 
136°E longitude. 


Payloads: 

The science objectives of InSight Mission will 
be accomplished through detailed geophysical 
investigations viz. size, physical state and com- 
position of the core, thickness of the crust and 
internal thermal state of Mars. These involve 
seismic experiments to investigate the interior 
structure, heatflow experiments to constrain 
the thermal structure and a radio tracking 
experiment to measure wobble in Mars’ rota- 
tion, which can tell about the core of Mars. 
The various instruments carried by InSight are 
briefly described here. 


SEIS (Seismic Experiment for Interior Struc- 
ture) will deploy a seismometer on to the sur- 
face of Mars to have precise measurements of 


HP? 
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quakes and other activity from interior of Mars to enable 
information about the Martian internal structure. 


HP? (Heat Flow and Physical Properties Package) —a 
heat flow probe, which will be deployed to penetrate 
up to 5 metres into the Martian subsurface. This will 
measure heatflow within the Martian interior thereby 
providing important information about the thermal his- 
tory of Mars. 


RISE (Rotation and Interior Structure Experiment) —a 
radio tracking experiment , which will provide a precise 
measurement of Doppler shift and ranging of radio com- 
munications sent between InSight and DSN on Earth. 
This will provide information on Martian wobble, which 
will provide knowledge about the internal structure of 
the planet. 


CAMERAS — Similar to “Navcam’ cameras on MER 
rovers, these cameras will be used to obtain 3-D images 
of various instruments on the lander and also provide a 
panoramic view of the surrounding terrain at the land- 
ing site. Another wide-angle camera with 1200 field of 
view is also provided for a complementary view of the 
instrument deployment area and its surroundings. 


MarCo CubeSats: 

InSight will carry a set of two piggyback 6U CubeSats. 
Although the main purpose of these cubeSats is tech- 
nology demonstration, these CubeSats will also help 
in establishing communications during EDL (Entry, 
Descent and Landing) phase of the mission. During 
landing phase, these CubeSats will flyby Mars and help 
providing InSIght telemetry in real time. 
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Mars InSight Lander 


Source:http://photojournal.jpl.nasa.gov/figures/PIA17358_ fig! jpg 


MOM Spacecraft undergoing ‘solar conjunc- 
tion’ event 


Along with other spacecrafts orbiting Mars, ISRO’s MOM 
recently experienced a ‘solar conjunction’ event between 
June 7 to June 21, 2015 as the spacecraft went behind the 
Sun as viewed from the Earth. This takes place once in 
every 2.2 years at Mars. Such an event mainly disrupts 
spacecraft communication, in turn forcing to suspend all 
payload operations. The health of MOM spacecraft and 
all the payloads are reported to be normal. 


Cassini’s flies by Dione and Hyperion 


Cassini spacecraft revealed several images of Saturn 
Moons, Hyperion and Dione, during its recent flybys. 
Cassini had its final flyby of Hyperion at a closest distance 
of nearly 34,000 km on May 31, 2015. On June 16, 2015, 
Cassini passed Dione’s surface at a distance of 516 km. 
Earlier, the spacecraft also provided distant images of the 
other Saturn moons, Janus and Rhea. 


Ceres becomes more intriguing as Dawn gets 
closer 


Dawn spacecraft is performing perfectly at Ceres since it 
was captured by the dwarf planet. A new colour map of 
Ceres by Dawn shows diversity of its surface indicating 
that Ceres might have been active in the past. As Dawn 
gets closer, Ceres is becoming more fascinating with 
several interesting features in view. For example, a closer 
look of two bright spots observed in sequence of images 
are expected to be from a highly reflective material on 
surface, may be ice. 


Celebration of 1000 Sols at Mars for Curiosity 


Since its arrival at Mars in August 2012, MSL rover 
curiosity has now completed a residence of 1000 sols 
at the red planet. Curiosity, which is in the middle of 
its extended science mission, is performing excellently 
cruising through shallow valleys and hills in continuing 
its science endeavours. Apart from some minor interrup- 
tions, the rover health remains good and prepares itself 
for its future science operations. 


Odyssey hits another milestone 


Having bagged the longevity record at Mars, NASAs 
Mars Odyssey spacecraft has reached another milestone 
of completing 60,000 orbits at the red planet ever since 
its arrival in 2001. Mars Odyssey, which was responsible 
for several key discoveries at Mars, is also contributing 
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ES (Source: Websites of various space agencies, press releases and published articles) 


as a main communication relay for NASA’s Mars rovers. 
Philae wakes up and talks back 


Rosetta’s lander ‘Philae’ finally woke up on June 13, 2015 
after seven months of hibernation. Philae is currently op- 
erating well and the mission has received more than 300 
data packets since its wake up. Scientists are now wait- 
ing for Philae’s next contact wherein the data in Philae’s 
mass memory will reveal the whereabouts of the lander 
for past few days at the Comet. Nearly after 60 hours of 
operation at the Comet, Philae went into hibernation on 
Nov. 15, 2014. 


Messenger impacts Mercury, a success story 
ends 


After accomplishing a decade of successful science at 
Mercury, NASA’s Messenger mission finally comes to an 
end when it has impacted at Mercury on April 30, 2015. 
Messenger has beamed back its last five images clicked 
from an altitude of ~40 km before impacting the planet. 


Science instruments for NASAs Europa mission 


NASA announces as many as seven investigations planned 
for Jupiter’s Moon, Europa. The mission is being planned 
for sometime in 2020. Two of the instruments, ICEMAG 
(Interior Caracterisation of Europa using Magnetometry) 
and MISE (Mapping Imaging Spectrometer for Europa) 
will help understand whether Europa has conditions to 
harbour life. 


LRO satellite, the closest ever to orbit the Moon 


On May 4, 2015, NASA’s LRO spacecraft became the 
closest-ever spacecraft to orbit the Moon. The present orbit 
will be as close as 20 km at South Pole while its altitude 
will be ~165 km at North Pole. This orbit will enable high 
resolution mapping of the south pole, in particular with 
LOLA and DIVINER instruments. 


InSight mission to deliver the first-ever Cube- 
Sats in deep space 


While preparations are in full swing for 2016 launch of 
InSight mission to probe Martian interior, it will also 
become the first mission to fly CubeSats in deep space. 
Termed as MarCO (Mars Cube One), the twin CubeSats 
which are basically aimed as technology demonstrators, 
will also aid in communication from InSIGHT during EDL 
and other operations. 


Volume -5, Issue-3, July 2015 
EVENT S - International workshop on the Venus Exploration Project (VEP) 


Venus has been a planetary object of keen interest since fmm 
the invention of telescopes; any explorer would hardly 

miss such a bright object in the night sky. As per the cur- 

rent perception, we know that it is slightly smaller than 
Earth, its landscape is cratered and contains volcanic fea- 
tures, and it has a thick and toxic atmosphere. Nearly 40 
mission have been sent to explore Venus. Despite these ef- 

forts, still there are plenty to be explored about this world. 
Realizing the imperativeness, Department of Aerospace 
Engineering at IIT Bombay, in association with ISRO 

and CNES, France has organised an International work- 

shop on the theme “Venus Exploration Project (VEP)” [ieee 
on May 12, 2015. A wide panorama of speakers from 
academics, space agencies, research laboratories, col- 
leges and universities participated. The convener of 

the workshop, Prof. Rajkumar S. Pant, provided a brief 
background on the VEP. Subsequently, Dr. Prakash 
Chauhan from SAC-ISRO, Ahmedabad, presented a 
brief account of recent space missions of India (Chan- 
drayaan-1 and MOM) in his talk on India’s Missions 

for Planetary Exploration and discussed on the pos- 
sibilities of Venus exploration within an opportunistic 
window from 2018 to 2036. The next talk was by Prof. 
S.V.S. Murty, PRL, Ahmedabad, on Atmospheres of Earth, Venus and Mars, where he emphasized 
upon the scientific importance and the challenges one may face in exploring the Venus atmosphere. 


The keynote speaker of the day was “Padmashri” Prof. Jacques Blamont, a good friend of Dr. Vikram Sarabhai. 
During introduction the convener emphasized upon the longstanding friendship between ISRO and CNES. Prof. 
Blamont presented an exciting overview on Balloons for exploring Venus that included a detailed description of 
the planetary exploration missions using balloons carried out by CNES, in association with other space agen- 
cies. A strong emphasis on Venus atmosphere and utilizing its properties for the balloon missions by using mul- 
tiphase lifting gases and the various components of balloons viz., envelope, battery and electronics was high- 
lighted during his presentation. In his concluding remarks, a summary was provided on various balloon missions 
carried out earlier and he handed some interesting books and documents regarding the same to the convener. 


Following lunch, Prof. R.K. Sharma, Karunya University, Coimbatore, explained about the mission path de- 
sign for various planetary exploration missions, with emphasis on Venus. His talk was centered on Interplan- 
etary Mission Design and Trajectory Analysis with reference to VEP. A detailed account on launch opportunities 
and synchronous period of the Venus was also presented. The last session talk on Balloon for VEGA Mission by 
Mr. Francis Rocard, CNES, Paris, gathered plenty of interest. This session was a special session and the speak- 
er has participated via Adobe Connecter. He has highlighted upon the R & D work carried out by CNES on 
new balloon materials for space exploration and on trajectory for Venus exploration. An interesting discus- 
sion on questions and answers related to exploration of Venus among audience and speaker followed next. 


The one-day workshop concluded with a panel discussion among all experts that was chaired by Prof. R.S. Pant. The 
panel was also joined by Mr. Pankaj Priyadarshi, IIST, Trivandrum. A collaborative effort between ISRO and CNES 
along with industries for achieving exploration of Venus has emerged as the key recommendation. A special memento 
was presented to the convener by Mr. Mathieu J. Weiss, Counsellor (Space), Embassy of France in India, Bangalore, for 
appreciating his efforts for organizing the international workshop in a short period, and extending further the relation- 
ship between CNES and ISRO. Mr. Jitendra Singh of Aerospace & Defence, Manipal Aerospace, provided a summary 
of the key comments and suggestions that emerged during the group discussion. During Vote of Thanks the convener 
appreciated CNES for planning this event in association with ISRO, and the committee members of Aeronautical So- 
ciety of India, Mumbai branch for partly sponsoring the event. Finally all the participants and volunteers were thanked. 
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i.ND OPPORTUNITIES 


» “ Bridging the Gap III: Impact Cratering in Nature, Experiments, and Modeling conference” will take place 
at the University of Freiburg, Germany, between 21 - 23 September, 2015, followed by a three day field-trip. The 
deadline for the submission of abstracts is July 9, 2015. 

For more details, please visit:_http://www.hou.usra.edu/meetings/gap2015/ 


» “COSPAR Capacity Building Workshop” will be held at UNESP - Guaratingueta, Brazil, from October 26 - No- 
vember 6, 2015. The deadline for registration is July 17, 2015. 
For more details, please visit: http://cbw.cosparbrazil2015.org/ 


“Radiation Mechanisms of Astrophysical Objects - Classics Today” will be held from 21-25 September, 2015 at 
St.Petersburg State University, Russia. The deadline for submission of abstracts is up to July 31, 2015. 
For more details, please visit: http://www.astro.spbu.ru/sobolev100/?q=en/node/15 


“<2™ International Planetary Caves Conference” is supposed to be held at the Lowell Observatory in Flagstaff, 
Arizona, USA, between 20 - 23 October, 2015. The deadline for submission of abstracts is Aug. 6, 2015. 


For more details, please visit: http://www.hou.usra.edu/meetings/2ndcaves2015/ 


“ Annual Meeting of the Lunar Exploration Analysis Group” will be held from 20 - 22 October, 2015 at the Uni- 
versities Space Research Association (USRA) headquarters at Columbia, Maryland, USA. The last date for abstract 
submission is Aug. 11, 2015. 

For more details, please visit:_http://www.hou.usra.edu/meetings/leag2015/ 


“41 COSPAR Scientific Assembly” will take place in Istanbul, Turkey from July 30 - August 7, 2016. Abstracts 
will be accepted up to mid-August 2015. 
For more details, please visit: https://www.cospar-assembly.org/ 


“Workshop on Space Weathering of Airless Bodies: An Integration of Remote Sensing Data, Laboratory Experi- 
ments and Sample Analysis” is supposed to be held between 2 - 4 November, 2015, in Houston, Texas, USA. The 
deadline for the submission of abstracts is Aug. 20, 2015. 

For more details, please visit:_http://www.hou.usra.edu/meetings/airlessbodies2015/ 


“Joint meeting “Paneth Kolloquium” and “The first 10 million years of the solar system’”” will be held in 
No6rdlingen, Germany, between November 11 - 13, 2015. The last date to submit abstracts is Oct. 2, 2015. 


For more details, please visit: http://www.paneth.eu/PanethK olloquium/Home.html 


“International Venus Conference” will be held in Oxford, UK, between 4 - 8 April, 2016. The last date for submis- 
sion of abstracts is Jan. 8, 2016. 
For more details, please visit:_http://www.venus2016.uk/ 


“First Landing Site/Exploration Zone Workshop for Human Missions to the Surface of Mars” will be held at the 
Lunar and Planetary Institute (LPI) in Houston, USA, between October 27 - 30, 2015. 


For more details, please visit: http://www.hou.usra.edu/meetings/explorationzone2015/ 


“48" AGU Fall Meeting” will take place in San Francisco, USA, from 14 - 18 December, 2015. The deadline for 
submission of abstracts is Aug. 5, 2015. 
For more details, please visit: _http://fallmeeting.agu.org/2015/ 


“2020 Landing Site for Mars Rover Mission” will be held in Arcadia, California, USA, from 4 - 6 August, 2015. 
The last date for submission of abstracts is July 20, 2015. 
For more details, please visit: http://marsnext.jpl.nasa.gov/index.cfm 
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PHOTO FOCUS: Shock-Thermal History of Kavarpura IVA Iron 
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IKavarpura iron (IVA) meteorite fell in India in August, 2006. Shock-thermal history of Kavarpu- 
ra iron has been assessed using detailed microstructures, metallography and bulk compositions. Lim- 
ited observations infer that Ni profiles in the residual taenite across cloudy taenite zone, finger ples- 
sites and cellular plessites are considerably re-equilibrated due to shock and post-shock annealing. 


Source: Ray, D., Ghosh, S. and Murty, S.V.S., 2015. Shock-thermal history of Kavarpura IVA iron: Evidences from 
microtextutres and Ni- profiling. Planetary and Space Science, doi: 10.1016/j.pss.2015.05.016 


MY ASSOCIATION WITH PLANEX 


I joined PLANEX as a Project Associate on June 22, 2013 and I still remember the day when I stepped inside 
the Noble Gas Mass Spectrometer lab, the lab where I spent more than a year learning things pertaining to 
science and also life. To handle a noble gas mass spectrometer of that sort after my post graduation was quite 
a tough job, but thanks to Prof. S.V.S. Murty, a kind and humble gentleman who was patient with me many 
times, I managed to handle the instrument in 2 months time after joining. My job in lab was to analyze the 
noble gas isotopic abundance in meteorite samples. Although not much of science was extracted and put 
forth in the form of publications, I was indeed curious to find out the different isotopic ratios in different 
meteorites. When the time had come for me to leave PRL after my 1 year tenure, I had decided to resign, 
but I had to stay back at the request of Prof. S.V.S. Murty. After staying in PRL for 15 months, God in his 
faithfulness provided me a job in my hometown. Teaching has always been my passion and I am pursuing it 
currently. Working in PLANEX has been a life changing experience. I would also like to thank and acknowl- 
edge Mr. Ramakant Mahajan who contributed for my growth in PLANEX and Mr. Ranjith, who cared for 
me as a brother and is currently pursuing his Ph.D in China for helping me in all my shortcomings. I thank 
the PLANEX editorial team for providing me this opportunity. 


Ricky Wilfred G. 
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THE HUBBLE SPACE TELESCOPE 


The idea of blasting a telescope into space onboard a rocket was pioneered by German scientist Hermann Oberth in 1923. 
In 1946, Lyman Spitzer Jr., an American astrophysicist, proposed that extremely high-resolution images can be taken 
from a telescope in space. Following these ideas, the Hubble Space Telescope (HST), a joint ESA and NASA venture, was 
shot into low Earth orbit on April 24, 1990, onboard the Discovery space shuttle from Kennedy Space Center in Florida. 
HST orbits Earth at an altitude of 569 km. Its position allows it to circle free of Earth’s atmosphere, which distorts and 
blocks light from the cosmos, giving Hubble a pristine view typically unmatchable by ground-based telescopes. This 
space telescope was named after Edwin Hubble, a U.S. astronomer whose observations of changeable stars established 
the theory of expanding universe and gave support to Big Bang theory. 


The HST is a Cassegrain reflector (Ritchey—Chrétien design) with a pri- 
mary mirror of 7.9’ and the secondary mirror of 1.0’ diameter. Some of the 
major instruments on HST include- The Wide Field and Planetary Camera 
2, Hubble’s main “eye” that takes images to a greater magnification. It is 
used to study dark energy, dark matter, and the formation of individual 
stars. The Cosmic Origins Spectrograph tells about temperature, chemical 
composition, and motion of extremely faint objects. The Advanced Camera 
for Surveys is designed to detect the most distant objects in the universe. 
The Space Telescope Imaging Spectrograph 
is known for its ability to hunt black holes. 
The Near Infrared Camera and Multi-Object Spectrometer is sensitive to infrared light and 
hence can observe objects hidden by interstellar dust, like stellar birth sites and gaze into 
deepest space. Finally, the Fine Guidance Sensors are devices that keep Hubble pointed in 
the right direction and are used to precisely measure the distance between stars and their 
relative motions. The initial images obtained by Hubble were hazy (though better than from 
ground) due to spherical aberration, which was subsequently corrected by servicing. Hubble 
is the only telescope designed to be serviced in space by astronauts. To get it repaired and 
upgraded, four subsequent Space Shuttle missions were rocketed into space. The spiral galaxy 
Stars forming in the Eagle M100, imaged with Hubble before and after corrective optics, illustrates the point. 
Nebula, imaged by HST. 


The spiral galaxy M100, imaged with 
Hubble before and after corrective optics. 


Since its launch, Hubble has resolved long-standing astronomy problems, such as, it ac- 
curately determined the universe expansion rate, pinned down the age of the universe to about 13.7 b.y., established the 
prevalence of giant black holes in the centre of galaxies, provided proof for the occurrence of exoplanets, discovered 
gamma-ray bursts, made the first measurement of the atmospheric composition of exoplanets containing sodium, car- 
bon and oxygen. It also found the first organic molecule (methane) in the atmosphere of an exoplanet. Hubble played a 
key role in the discovery of dark energy and has shown galaxies, stars and planetary systems in various stages of their 
evolution. Hubble images of jets from protostars gave the first direct evidence that protostars originate at the center of 
the dusty, gaseous disk by drawing on its raw material. It has seen clumps of gas and dust around young stars in proto- 
planetary disks that are the likely birth grounds for new planets. The HST sends data to Tracking & Data Relay Satellite 
System twice a day, which is then sent to Space Telescope Operations Control Center at Goddard Space Flight Center. 
Finally, the data is archived in the Space Telescope Science Institute. ~120 GB data is down linked in a week and HST 


might last until 2020. 
Text source: http://sci.esa.int/hubble/, http://science.howstuffworks.com/hubble.htm/, en.wikipedia. org/wiki/Hubble_Space_Telescope, spacetele- 


scope.org, nasa.gov/mission_pages/hubble, https://hubblesite.org, Photo courtesy: NASA/STScI 
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